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(54) DATA PROCESSING APPARATUS 



(71) We, INTERNATIONAL BUSI- 
NESS MACHINES CORPORATION, a 
Corporation organized and existing under the 
laws of the State of New York in" the United 
States of America, of Armcnk, New York 
10504, United States of America, do hereby 
declare the invention for which wc pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

The present invention relates to data pro- 
cessing apparatus, in particular to an Input/ 
Output (I/O) controller arrangement which is 
microprograrnrnable and adapted to connect 
one or more data channels to one or more 
I/O devices. 

Data processing systems usually include a 
central processing unit (CPU) which is intern- 
ally programmed and has a plurality of input- 
output channels. Input-output channels in turn 
have a plurality of I/O subsystem* connected 
thereto. Each I/O subsystem consists of one 
or more I/O controllers or control units; each 
with a plurality of I/O devices, such as card 
readers, card punches, magnetic tape units, 
magnetic disc files, and the like. In such data 
processing systems, the most expensive por- 
tion on a time-use basi* is the central pro- 
cessing unit. For improving cost-performance 
characteristics of such a data processing sys- 
tem, it is highly desirable that as many of the 
functions relating to I/O operations be accom- 
plished without delaying operation of the 
CPU. Of course, these functions added to the 
I/O subsystems must be performed at rela- 
tively low cos:, which requires a minimum 
of additional hardware. 

Another aspect of I/O controller design is 
flexibility. As the I/O devices change, as 
channel characteristics change, the ~ ncid 
changes required in the I/O controller should 
be held to a minimum with such changes being 
facilitated "by the de;:gr. of the I/O controller. 

According to the invention th^rc is pro- 
vided data processing apparatus comprising 
a data channel controller including firs: and 



second interface ponions. each penien being 
adapted for different signal formats, dau now 
circuits electrically interposed between said 50 
ponions and operative to alter mfortnation- 
bearing signals in r.cccrdancc wiih sf.-a sig- 
nal formats whereby signals may be enhanced 
between said portions, and a plurality " of 
microprogrammed units each * having a 55 
memory, an input and an output portion, nrst 
and second of said microprogrammed units 
being respectively eperativeiv associated with 
said firs: and second interface perverts and 
being programmed to exchange "control ?nd 60 
data signals therewith, tint and secend set* of 
exchange registers respectively connected to 
said first and second micro-programmed units 
and adapted to receive result signals there- 
from and supply said result signals to said 65 
data flow circuits ;o control same to alter said 
informaiion-bcann? signals: and nrst and 
second gating mean* respectively controlled 
by said rirst and second " mie:o-progrc.rmed 
units :o gate said rcsuit signais from said 70 
second and first exchange registers respectively 
into said first and second niicrorros—mmed 
units. 

One embodiment of the present invention 
includes a plurality of independently operable 75 
microprogrammable units :MPU"s\ Each 
AlPU has its own program of microinstruc- 
tions and its own memories. A set of exchange 
registers receives signals from the respective 
AiPUs on an output bus. Each AlPU ha* in- SO 
put gating means connected with the exchange 
registers associated w:th -the other MPU's for 
selectively gating signals therefrom. 

Such gating means provide urogram syn- 
chronization. The signals stcred in su:h ex- 



gnats stcred in su:h ex- 85 
change registers arc simultaneously supplied 
to data now circuits which process information- 
bearing u$n*\i between an I/O channel :'Inter- 
facyi and various I/O device*. Th; dara flow 
circuits are r:<ponsive ;o the excr/nee register 90 
signals to perform signal processl-.s oper.rioas 
tor effecting exchange of informs iioA-bcar« 
d ihg signal*. In such an arrangement. u;e I/O 
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channel is usually a controlling system and the 
I/O devices ar: a subservient svatem. 

One MPU ,'MPUX". ir.ev he associated with 
the channel and is then the drminan: .MPU. 
A second cr I/O device MPU .'MPUY*. is 
associated vith I/O dev::c5 end n subservient 
to the channel MPU. 

In other arrangements, ad.lticr.al .MPU's 
may be prevised, cr.e beir.e sr. the data sow 
circuits as a par; rf the ci;a ;;ow creratien. 
In such an insiar.ee, the c?: chance register; 
dirrcr the ch:a-:]jw .MPU u- perform "dau- 
processing rpcr.:;ms on the >.i\-.:.h being ex- 
changed. The e.:ta-nV.v .MPU in turn supplies 
status signals via its own cxjhar.ee registers 
which then are scleetivciv sampled" bv one of 
the other .MPU's. 

Each MPU may be of simple dwiign having 
an ALU capeDc of rerrrrmir.e n iinerlc micro- 
step during each cycle of operation. A limited 
repenoire of instructions are provided with 



instruction word. For savins 



repenoire 

a limited sized _ . „„.... a 

control memory, an incrcmcn tabic instruction 
word counter is provided. For reducing cost 

25 of construction, the cschar.se registers' asso- 
ciated with the channel and i/O device 
MPU's arc symmetrically designed. 

The channel may trap -'.i.e." interrupt) the 
channel MPU which in turn mav trap the 

30 I/O device MPU. While the channel MPU 
is setting up operations for the I/O r-ubsvstcm, 
it may hcid the I/O device MPU in an in- 
operative state; i.e., no signals of anv tvpc 
arc being processed. In a movine media svs- 

35 tern, velocity .'taerO signals arc" supplied to 
both MPU's for diagnostic and operational 
purposes. 

The channel MPU has connections with 
I/O devices for addressing and broad suoer- 
40 visory purposes. A!i operational aspect* * arc 
effected by the device MPU. The channel 
MPU may perform diagnostic functions simul- 
taneously with the device MPU operational 
control. 

45 In order that the invention mav be fullv 
understood, preferred embodiments thereof 
will now be described with reference to the 
accompanying drawings, in which: — 
FIGURE 1 is a simrl\ncd block diagram 

50 of a general arrangement of one I/O control- 
ler constructed to embed v the present inven- 
tion; 

FIGURE 2 is an intermediate bur simp! 



fied Week diagram of an I/O controller cm- 
55 bodying the present indention and h:\ ir.s: r.vo 
micToprogrammablc units -MPU's*. ca:h hav- 
ing a^shgie ALU of Jimircd cacabilitv; 

FIGURE 3 is a simplified biceh dlas.-am 
of an MPU usable with the Fieurcs 1 or 2 
60 imntrcud I/O controllers: 

FIGURE 4 is a simpiined data flew dia-' 



gram illustrating transfer cf signals frem ae: 
I/O device to a channel : 

FIGURE 5 is a simriiiied data f:?-.v d:2- 
gran illustrating data rlew fr?m a cr.zrsxl t? 
an I/O device: 

FIGURE 6 ii a fimpiired d.arrarr. 
showir.e det?. rV.v arrar.e.rr.en: ut. L\r- a 
r::;:r:c'M?U r.zv'.rr a i'.-'z'.: ALU. 

FIGURE " i» a simr/.r.cd rr.:r;~ d:i- 
srcr.t fcr .MPUX a-' V?U V 

FIGURES <to'h:z\^r:t-;i:-:i ;!:■_•?. 
iretier.s of m:cro-ro;:t:nes set forth in F:~*c;e 
7 as tabulated below: 

FIGURE S— IDLESCAX :n MPUX 
FIGURE P— IDLESCAX in MPUY 



in: 



The function of interrupt scinnin: j; shev/s 



FIGURE 10— DEPRIMES :r. MPI'X 
FIGURE 11— POLL DEPRIMES in 
MPUV 

FIGURE 12— MPUX checker MPUY 
statu* and veri; \ir.z rn MTU zzzzzn 
received frrm inter: ace X IX; TX """" 
FIGURE 15 — MPUX pe:!ir.a ir.:;::ace V 

FIGURE *!4-MPUY pe::;n; interface V 
(IXTFX) 



MPU\\Mi.:opr^rams: 
FIGURE 15— X-:ra? " 
FIGURE J*— X- ; n-:;a; s::::t:cn 

figure x- rc .:; : d 

FIGURE In— X-itatus 

FIGURE l?-X-terrr.:ncticn 

FIGURE 20-X-read tvre and MTU :e::s 

FIGURE :i— X-w:i:e" 

FIGURE 22— X-<erviee rrtjm 

FIGURE 23— X-crrer status 

FIGURE 24— X-s:a.«c 



MPUY MICROPROGRAMS: JO 
FIGURE :;— Y-tras 
FIGURE 2*— Y-initiai ?:!cciin n 
FIGURE 2T— Y-tc:mina:irn 
FIGURE 2i— INTFY search 
FIGURE 29— Motion centre! ]05 
FIGURE 30-Y-urac 
FIGURE 31— U ri:e XRZI 
FIGURE 32— Vv'ri;c PE 
FIGURE 33— Y-read 

FIGURE 34— Reed XRZI P0 

FIGURE 35-Rcad PE 

FIGURE 36— Y-sense 

FIGURE 3" is 2 5imr!:f.ed lorir die r ram 
showing the rclaticr.ihip be-ucen "data 
circuits and mjeropregrcm generated siencis 1!5 
from microprocessing units. " 
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- Glossary of Abbreviations and Acronyms 
This glossary provides a ready reference to the abbreviations repeatedly used in describ- 
ing the invention; 



UX 
*UY 

g is shown 



75 



■iPUX ( 

MES in 80 ; 

MPUY j 

- r address ! 

FX) ! 

eiface Y 85 j 

aface Y 



90 



U tests 95 



100 



105 



110 
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t flow 
a'gnals 115 
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ADDR 
ADDRO 



ADDRI 

A-DEPRIMES 

ALU 

B-DEPRIMES 

BKDWD 

BOC 

BOR 

BOT 

BSTWAIT 
CBI 

CBO 

CHNL 
CLEANGO 

CLEANIT 

CMD 
CMDO 

CMDPAR1 

CMDPARER 

CMDRJT 



CPU 

cn 



CTO 



cu 

CUB 
DE 

DEP 

DEPRIME 



Address 

Address Out (a command signal indicating 
address signals are being sent in but out 
lines) 

Address In (a command signal on INTFX 
indicating address signals appear from CBI) 

DEPRIMES resulting from Channel A 
activity (see DEPRIME) 

Arithmetic-Logic Unit 

DEPRIMES resulting from Channel B 

activity (see DEPRIME'* 
Backward 

Branch on Condition 

Beginning of Record (remains active during 
entirety of record rcadback signal envelope) 
Beginning of Tape 

Burst Mode, Wait Routine (MPUX) 
Channel Bus In (lines for carrying data sig- 
nals from I/O controller to CPU via 
INTFX) 

Channel Bus Out di nes for carrying data sig- 
nals from INTFX to controller 11) 
Channel 

A routine entered by MPUX when read status 
permits a read operation to be initiated 

A routine entered by MPUX to check status 
during a read initiation 

Command (a control signal) 

Command Out (a control signal telling con- 
troller 11 to change operation in accordance 
with predetermined criteria) 

Command Parity (an acronyran representing 
the entry point of an error analysis routine 
based upon a command parity error) 

Command Pariry Error (the primary entry 
point into an error routine resulting from 
a command parity error) 

Command Reject fan entry point into a termi- 
nation program based upon the I/O con- 
troller rejecting a command received over 
CBO) 

Central Processing Unit 

Channel Tag In (a control signal supplied 
from an I/O controller to a data channel 
concerning the interpretation of other sig- 
nals supplied over CBI) 

Channel Tag Out (a control signal supplied 
from a data channel to an I/O controller 
interpreting other signals supplied over 
CBO) 

Control Unit 

Control Unit Busy (a tag signal) 

Device End (a control signal from an I/O 
device indicating end of an operation) 

Device End Prime (see below) 

Device End Prime (a flag signal in a memorv 
unit Indicating a data channel has previously 
requested access to an I/O device. Upen 
receipt of a device end. signals are supplied 
to the channel to provide access to the I/O 
device) 
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DIAG Diagnostic 

DOTIEMSl Do Track in Errcr Mode Set 1 ^n entry 

point for a mode terminating program; 

EXECDEP Execute DEPRI.ME .an entry" point for an 

I/O device micrcprozram tor initiating 
scanninc for PEPRLMES* 

EXECDES Execute DESELECT the entry po;nt for an 

I/O device microprogram used to discon- 
nect an I/O device 

EXECPOLL Execute Poll (an entry poc: fcr ar. entry 

device microprogram used to poll I/O 
device status) 

F\VD Forward 

GENRST General Reset microprogram) 

HIONOP Halt I/O, System Not Operating ;a channel 

microprogram used to abcr; an operation 
not yet initiated) 

HIOPERG Halt I/O Operating (a channel microprogram 

used to abort a subsystem operation during 
subsystem activity) 

IBG Interblock Gap 

IC Instruction Counter 

IDLEPEXD A wait routine for the channel microprogram 

unit used to wait for further instructions 
from a data channel 

IDLESCAX A microprogram used to scan tor DEPRI.MES 

IHS Information Handling System 

INSELCHK Initial Selection Ch*;k an entry into inftial 

selection which firs; checks pcadinr status' 

INTFX Interface X 

INTFY Interface Y 

I/O Input/Output 

IR Instruction Register 

LSR Local Store Register 

MIS Multiple Interface Sivirch 

MODETYPE An cntn' into a microprogram which deter- 
mines the mode of operation of a subsys- 
tem 

MPU Microprogrammatle Unit 

MPUD Microprogrammable Unit =D (used in data 

flow circuits) 

MPUX Microprogrammable Unit =rX .'used in con- 

nection with a dau channel; 
MPUY Microprogrammable Unit =Y i'uscd in con- 

nection with an I/O device) 
MTU Magnetic Tape Unit 

NOP No Operation (do nothing command' 

NRZI Nonreturn to Zero-IBM (a recording scheme) 

OP Operation 
OP IN" Operation In (a tag signal) 

PE Phase Encoding fa recording schemed 

POLLMTI Poll Magnetic Tape Interface ,an I/O device 

microprogram which senses the activitv of 
various MTU's) 

POLLMTIX Poll Magnetic Tape Interface Exit ."an end- 

ing routine for POLLMTI) 

READTYPE An entry into a microprogram to determine 

the type of read operation instructed bv the 
data channel) 

RES Reserved 

ROS Read Onlv Store 

RST Reset 

RTN Return 

SELRST Selective Reset 
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SERVRTX 

SFBKU'D 

SFFWD 

STAT 

STATRTX 

STS 

SUPPREQIN- 

SUPPRO 

SVCI 

svco 

TACH 
TAPE OP 
TERMACC 

TERA1STAK 

TERAISTK1 

TIE 

TIO 

TA1 

TU 

TUADDR 

TUBI 

TUBO 

TUTAG 

WC0HIO 

WCOSTP 

Vl'RTCHK 

WRTFST 

WTAi 

XA 

XB 

YA 

YB 



Service Return (a channel coordinating micro- 
program) 
Space File Backward 
Space File Forward 
Status 

Status Return (a microprogram} 
Starus ' 
Suppressive Request In : a tag signa*) 
Suppress Out (a tag signal - 
Service In ;a tag signal) 
Service Ouc (a tag signal; 
Tachometer 

Tape Operation (a status signal) 
Termination Routine, Status Accepted By 
Channel 

Termination Routine, Status is Stacked \ot 
Accepted ' * 

rSee TERMSTAK, an alternative entry) 
Track in Error 
Test I/O 
Tape Mark 
Tape Unit 

Tape Unit Address Register 

Tape Unit Bus In 

Tape Unit Bus Out 

Tape Unit Tag Register 

Word Count Equals Zero, Halt I/O 

Word Count equals Zero, Stop 

v> me Check (a tag signal) 

Byie {an *** int ° *™ 

Write Tape Alark 'a microprogram) 
Exchange Register XA ; 
Exchange Register XB 
Exchange Register YA 
Exchange Register YB 
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General Description 

The described I/O controller is particularly 
useful with the multiplex type of channel des- 

ns?™ * icy ? . k aj usa ?atcnt 

i t ;i The dcscn P»°n assumes a chan- 
neM/O controller interface usable with a 
Sr a <2??l£t r l? e rv P 5 described in that patent. 
FIGURES 1 and 3 of that patent describe 
air tap signals used herein except. SLTPRES- 
SIBLE REQUEST IN which is defined with 
respect to AiPUX (channel MPU) micro- 
programs. It also assumes that the interface 
between the controller and the I/O devices' 
follows a similar bus-our, bus-in, tag line 
arrangement. In addition to the functions des- 
cribed in the Mover et al patent susra, a 
tachometer input line is provided to the sys- 
tem as later desciibed. 

With more particular reference now to the 
appended drawings, like numerals indicate 
like pans and structural features in the 
various diarrams. Information handlins svs^ 
tern (IHSV interface X fINTFX; is the'intcr- 

ut • communicates with e CPU via 
cable 10. I/O controller 13. which illustrates 
we present invention, provides control for 



?v^?? * NTFX and wwnacc Y (INTFV 
i • ! s connected ro cne or more I/O 
devices via cable 12. Such I/O dcWcc* f£ 
purposes of illustration onlv, are mXeuc 
upc umts capable of recording and S 
mg mfcrmanon-bearins sichals in phase-en- 
coduw (PE) and .VRZI schemes. ?n3Sc ^ n * 

MPUX j S a microprcsrammable unit provid- 
I^W« C ^ 0C1 wi? n and com ' 01 Unctions 
MPrv I 1/0 and INTFX. 

? 0fmS 5imilar funciion * 
miV' .* ma ?n«ic tape subsvsrem, 
MPUY provides motion control and other 
operational related functions unique* asso- 
ciated with the described I/O device tt'ith 

functions— such as in a printer, a format 

«£ n SPv C r C l? ld * orosrrammed 
mto MFLY. The third section is data flow 
circuit. 13, which acruallv pr0ce5.es informa- 
tmn.tearmg signals berween* interfaces X™d 

r\.i5? * ClrCUlB 13 maV »™« Of 

cnj.wU a hardware set of sequence and cir- 
cuin for performing information-bearin* sig- 
nal exchange operations. In an I/O controller 
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associated with a magnetic-tape recording 
system, such date flow circuits include writ- 
ing circ;: : ts for both PE and NRZI, read- 
back circuits for both encoding schemes, 
deskewi::E operations, certain diagnostic 
fuuciior/nnd >cm7 !ocgin? operations asso- 
ciated v;i;h operating a magnetic tap sub- 
system. 
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Since MPUX and MPUY arc indepen- 
dently opcr-ible. each having us own pro- 
grams ci rii.TO-iiistruccions. program syn- 
chroniza<iin and coordination is required. To 
this end, exchmce resistrr networks are pro- 
vided. Kach MPUY has its own output ex- 
change renters, for example, MPUX has 
exchange refers 14 while MPUY has ex- 
change reenters 15. These registers receive 
ourput fijHuls from the respective MPU s. 
The signals temporarily stored in these regis- 
ters are supplied direciiy to data flow cr- 
cuits 13 f»r crrec:in* and supervising data 
flow and siinui processing operations. This 
arranacmcnt' makes the dau flow arcuits s 13 
subservient to both MPUX and „iPUY. 
Additionally such iicnals are simultaneously 
provided to the ether MPU— that is, raster 

15 supplies MPUY output signals to MPUX 
and register 14 supplies the MPUX output 
signals to MPUY. The respective MPU s 
under microprogram control selectively receive 
such signals for program coordination. 

INTFX is a controlling interface. It : not 
only exchanfics control sisnab with ^IPUX 
over cable 16. but also has trap control line 
17. When this line is actuated, MPUa 
aborts all present operations and branches to 
a fixed address for analyzing signals on cable 

16 These signals simultaneously supplied 
over cable 16 force MPUX to perform 
IKTFX selected functions. In a similar man- 
ner, MPUX has trap control line IS extend- 
ing to MPUY. MPUY respond* to an actuat- 
ing signal on Vne 18 from MPUX in the same 
manner that MPUX responds to a trap sig- 

,: — 17. MPUY, in addition to ex- 



changing control signals over cable 20. with 
devices via INTFY. also has a trap line 21 
for controlling an I/O device in a similar 

manner. .... 

All information-bearing signals arc ex- 
changed between interfaces X and Y through 
data flow circuits 13 via full-duplex cables 
23 and 24. In FIGURE 1, data flow circuits 
13 arc shown as including a third MPU, 
MPUD, which has intimate control over 
special processing circuits 25 and 26 as well 
as buffer svstcm 27. Thc% special processing 
circuits are hardware sequences which trans- 
form signal formats from the rcfpecnvc inter- 
faces to an inteimcdiate format usable in 
buffer svstem 27. Merely by replacing cir- 
cuits 25*cr 26. the I/O controller can oper- 
ate with a plurality of different signal for- 
mats. The micro-routines u<ed in •UPUD 
may also be required to be changed. Of 
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course, micro-routines in MPUY might have 
to be chanscd if different forms of I/O 
d:vices were" selected. For example, if = com- 
munication svr.cm, such a; a television cae.c, 
were substituted for the magnetic tare system 
described in mis specification, radical* af- 
ferent micro-routines would be rcquireu. 

FIGURE 2 is a sl:;htiy mr-rc dcta;Ui :-:t 
simplified diacram of an I/O controller ccr.- 
structed in accordance with the teaches cf 
the present ir.ventiou. The ccntrcLer uses 
hardware-scqacaccd data flew circu::.* S3. 
INTFX is the data channel described in the 
Mover ct al patent supra. Instead of ov.t data 
channel, two parallel da:a channels A and B 
.'not shown) are used. Such arrangements are 
well known. Data flow circuit* 15 have chan- 
nel bus-in (CSV lines 30 and channel bus- 
out (CBO) lines 31 conr.eeablc to eitr.er 
channel A or B. Each set of lines has a cap- 
ability of transferring one bv: of daw plus 
parity. Simiiarlv, tape unit bu.-m [i LSI, 
lines 32 transfer signals to data tlow circuits 
13 and MPUY over INTFY. Tape unit bus- 
out iTUBO) lines 53 carry information-bear- 
ing signals for recording in MPU's plus com- 
mands from MPUY and MTU addwsf as from 
MPUX. Statu* signals are suppiu: 1 . bo?h w 
MPUX and MPUY over status cable; 3-» ar.d 
35. Vclocitv of tachometer signals supplied 
by the selected and actuated MTU are 
received over line 36 by MPUX, MPUY, and 
data flow circuits 1?. 

MPUX has output bus 40 (also termed B- 
bus* supplving signals to its exchange registers 
14/ These* include branch control rec:s:er 41. 
register XA, and register XB. Output bu> 40 
is also connected to the ch-nru'l exchanging 
registers 42. These registers are CTI and CBI. 
CBI is channel bus-is, while CTI is channel 
tag-in. CTI transfers the tag signals described 
in Mover et al patent and other control sig- 
nals for interface operations. 

Additionally, channel bus-out ,'CBO\cate 
43 receives bvtes of data from IXTFX for 
data flow circuits 13 and for MPUX. Gates 
XA and XB simiiarlv gate exchange signals 
from the MPUY exchange registers 15. Gate 
XA receives the control signals from register 
YA while eatc XB receives exchange signals 
from register XB. CBI register is shared I bv 
MPUX and dau flow circuits 13. The CBI 
lines over IXTFX arc multiplexed in accord- 
ance with the Mover et al patent. CTI supplies 
tags indicating what the bu*-in signals mean. 

INTFY operates in an identical manner. 
Signals in TUBO (tape unit bus out) register 
output lines 33 are interpreted by the .NJTU s 
in accordance with the signals in TUT AG 
(tape unit tag) register. 

External signals are supplied to MPUX 
and MPUY via external registers 50 ar.d 51, 
respectively. Such external signals may be 
from another I/O controller, from a ntainten- 
ancc panel, communication network, and tn: 
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termed B- 
e registers 
egister 41, 
»ur bus 40 
x changing 

and CBI. 
is channel 
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:BO) gate 
JTFX for 
/X. Gates 
gc signals 
15. Gate 
•n register 
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shared bv 
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1 supplies 
.als mean. 
I manner, 
t) register 
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may be 
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like. Also, hardware detected errors ere lodged 
in register 52 for sampling by MPUX. 

I/O controller II has an efiicier.t initial 
selection process. MPUX respond to INTFX 
5 request for ;e:vicc of ar. MTU to provide the 
MTU address ever output Jin: 40 into TU 
address register 60. IXTFY tra.-Jers :hc TU 
address to all MTU':. The appropriately 
addressed MTU reloads to MPUi* that the 
10 selection is permit sjcIc or net permissible. If 
permissible, a connection is rr.i.d:; MPUY 
! notirics MPUX via roister YA. MPUX then 
completes the initial election bv responding 
i to INTFX via CTI. Data processing opcra- 
80 \ 15 tiens then can ensue. A detailed description of 
j this initial selection procedure is included for 
j clcarlv showing the relationships between 
! MPUX, MPUY, data Sew circuits 13, and 
< the two interfaces X and Y. 
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20 Microprogrammablc Units (MPU's; 

The MPU's contain microprograms which 
determine the logic of operation of I/O con- 
troller 11. MPUX contains a set of micro- 
programs in its control memory designed to 
25 provide responsiveness and data transfers with 
INTFX. In a similar manner, MPUY con- 
tains a set of microprograms for operation 
through INTFY with the various MTU's. 
Registers 14 and 15 contain signals from the 
30 respective microprograms which serve as in- 
puts to the respective programs for coordinat- 
ing and synchronizing execution of various 
functions being performed. MPUD, when used 
in data flow circuits 13, contains another set 
35 of microprograms designed for transferring 
data signals between the two interfaces for 
effecting data processing operations under the 
joint supervision of MPUX and MPUY. A 
better understanding of how the micropro- 
40 grams operate the hardware is attained by first 
understanding the logic construction of the 
MPU's which, in the Illustrative embodiment, 
arc constructed in cn identical manner. 
Referring more particularly to FIGURE 3. 
45 the MPU usable in I/O controller 11 is des- 
cribed in a simplified block diagram form. The 
microprograms are contained in read-only 
store (ROS) control memory 65. While a writ- 
able store could be used, for cost-reduction 
50 purposes, it is desired to use a ROS type of 
memory. The construction and accessing of 
such memories are wcl! known. The ROS out- 
put signals word, which is the instruction word, 
is located by the contents of instruction counter 
v'IC) C6. IC 66 may be incremented or decre- 
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raented for each cycle of operation of MPU. 
By inserting a new se: of numbers in IC 66, 
a:i instruction branch operator, is erected. 
The instruction word from ROS 65 is sup- 
plied to instruction register JR> 6" which 
staticizes the signals for about one cycle of 
operation. The c:a:lc;iea signals are supplied 
over cables 6S and £9 to various units in 
MPU. Cable 6S carrie? signals roprescnw.t:v 
of control portion? of the instruction v.-rr; 
such as the operation code and the like. Sig- 
nals in cable 6S are supplied to IC 6 3 for 
effecting branch!.-.; and instruction address 
modifications. Cable 69, on the other hand, 
carrie.* signals representative of data addrcsce?. 
These are supplied to transfer decode circuit.; 
70 which respond to the signals for controlling 
various transfer gates within MPU. The ether 
portions of the sienals are supplied thr ugh 
OR circuit 71 to ALU 72. In ALU 72 r such 
signals may be merged or arithmetically com- 
bined with signals received over B-bus "? for 
indexing or other data processing operation:. 
MPU, has local store register memory (LSR: 
75 accessible in accordance with the aidrejs 
signals carried over cable 65. Address cheek 
circuit 76 verifies parity in the address. The 
address signals may also be used in branch 
operations. AND circuks 77 arc responsive to 
transfer decode signab supplied from circuit* 
70 through AND circuits 7S to transfer the 
address signals in an instruction word to IC 
66. Such transfer may be under direct control 
of the operation portion of the instruction 
word as determined by transfer decode cir- 
cuits 70 or may be a branch on condition 
(BOO as determined by branch control cir- 
cuits 79 which selectively open AND circuits 
77 in accordance with the conditions supplied 
thereto, as will become apparent. 

The data flow and arithmetic processing 
properties of the MPU center around ALU 
72. ALU 72 has two inputs— the A-bus from 
OR circuit 71 and B-bu» 73. ALU 72 supplies 
output signals over cable 80 to D register 81. 
D register 81 supplies staticized signals over 
D-bus 82 to LSR 75. Instruction decode cir- 
cuits S3 receive operation codes from IR 67 
and supplv decoded control signals over cable 
84 to ALU 72 and to AND" circuit 7S for 
selectively transferring signals within MPU. 

ALU 72 has a limited repertoire of opera- 
tions. Instruction decode 83 decodes four bits 
from the instruction word to provide 16 pos- 
sible operations. These operations arc set forth 
in the Instruction Word List below: 
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Instruction Word List 
OP Code Mnemonic Function 

0 STO Store Constant in LSR, A set to 0 

1 STOH Store Const?nt in LSR, Indexed Addressing 

2 BCL Match with Field 1, Branch to Addr in Field 

2 

3 BCH Match with Field 1, Branch to Addr in Field 

2 
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4 


XFR 


5 


5 


XFRH 




6 


BU 




7 


00 




S 


ORI 


10 


9 


ORM 




A 


AND 




B 


ADDM 




C 


AN'D 




D 


AKDM 


15 


E 


XO 




F 


XOM 



Contents of one selected LSR location is trans- 
ferred to selected register or selected input 
is gated to one selected LSR location 
See XFR above pius indexed addressing 
Branch to 12-bit ROS address in instruction 
word 

Not used — illegal code 

A OR'd with B ? result stored in LSR 75 

A OR*d with B, result not stored 

A plus B : sum stored in LSR 75 

A plus B, sum no: stored 

A ANDcd with B, result to LSR 75 

A AND;d with B, result not stored 

A Exclusive OR B, result to LSR 75 

A Exclusive OR B, result not stored 



In the above list, the letter "A" means A 
register 85, ' IT is the B-bus, and the 
mnemonics are for programming purposes. 

20 The term "selected input" indicates one of the 
.hardware input gates (92, 94, 96, 98) to the 
ALU output bus SO. The term ^selected regis- 
ter" indicates one of the "hardware" registers 
in MPU. These include the interconnect regis- 

25 ten 14 and 15 (FIGURE 2), tae register 74, 
bus register 99. address register 60. and IC 66. 
Note that transfers from LSR 75 to these 
selected registers is via B-bus 73. In FIGURE 
2, the B-bus for MPUX corresponds to cable 

30 40, while the MPUY B-bus is cable 40A. 
Registers 14 receive signals via AND circuits 

86 and 87. In MPUY, AND circuits 56 and 

87 supply signals to exchange registers 15. 
Branch control 79 in FIGL*RE 3 is the inter- 

35 nal branch control. Branch controls 41 and 
41 A of FIGURE 2 supply their sicnab res- 
pectively over cables SS and S7A to the res- 
pective MPUY These branch control are 
separate circuits. Tag register 74 in FIGURE 

40 3 for MPUX corresponds to CTI rcsisier in 
the channel exchange registers 42. For MPUY, 
it corresponds to TUT AG register connected 
to INTFY. In a similar manner, bus register 
87 for MPUX is register CBI in channel cx- 

45 changing registers 42, while in MPUY it is 
register TUBO tope unit bus out}. Address 
register 60 of FIGURE 3 corresponds to TU 
address register 60 of FIGURE 2. MPUY 
address register 60 is no: used. 

50 Status register 89 has several output connec- 
tions from the respective MPUY It is divided 
into a high- and low-order portion. The hieh- 
ordcr portion has STAT (status 1 * bits C^-3, 
while the low-order portion has STAT bit 0 

55 plus STAT bits 4—7 f referred to as STAT 
A through STAT D. respectivclyV The low- 
order portion is supplied to the branch conrrol 
79 of the other MPUY The bits 0 and 4—7 
arc supplied to the data flow. Bit ' addition- 

60 ally is supplied dircciiv to the ALU 72 of 
the MPUY as indicated by lines 90 in 
FIGURE 2. This corresponds to a self-trap- 
ping operation which wiil be later described. 



Interpretation of the STAT bits is micro- 
program determined. 55 

The signal-receiving portions of each MPU 
are in four categories First, bus register 91 
is designed to receive tegs and data bvres for 
MPUX — this corresponds to CBO reciter 43 
of FIGURE 2. An MPUY bus register 91 is 70 
TUBI ^tape unit bus in' register. AND cir- 
cuit 92 is responsive to the transfer decode 
signals from circuiir^O to selective!-.- ca;* bus 
register 91 to D register 81. From therms, the 
data bytes arc supplied to LSR 75. Secondly, 75 
D register SI also receives inputs from hard- 
ware error register 93 via AND circuit 94. 
Hardware error signals (parity errors, etc.) are 
generated in circuit 95 in accordance with 
known techniques. Thirdly, AND circuit 96 SO 
receives external dan signals over cable 97 
for supplying same to D register SI under 
microprogram control. Fourthly, interchange 
registers 14 and 15 respective! v suppiv sig- 
nals to pairs of AND circuits 9S which selec- 85 
lively gate the interchange signals to D regis- 
ter SI under microprogram control. The 
receiving microprogram controls the reception 
of interchange signals from the other MPU. 

Generally, the outgoing signals from each 90 
MPU are supplied via B-bus 73 ; also a main 
input bus to ALU 72. The signal-receiving 
bus is the D-bus, which is the input bus for 
LSR 75 and the output bus for ALL* 72. 

Since ALU "2 has a limited repertoire of 95 
operations, many of the operations performed 
are simple transfer operations without arith- 
metic functions being performed. For example, 
for OP code 4, which is a transfer instruction, 
the contents of the addressed LSR is trans- 100 
ferred to a selected register. This selected 
register may be A register 65 in addition to 
ihe output registers. To add two numbers 
together in ALU 72, a transfer is first made ;o 
A register S5. Tne next addressed LSR is 105 
supplied to the B-bu* and added to the A 
regisrer contents with the result being stored 
in D register SI. At the completion of the 
ADD cycle, the contents or result of D regis- 
ter 81 is stored in LSR 75. If it is desired 110 
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\ to output the results of the arithmetic opcra- 
j tien, then xnother cycle is used to transfer the 
results from LSR 75 over B-bus 73 to a selec- 
ted output register, such a: one of the inier- 
5 chance registers or bus register S7. 

In* FIGURE 3, the input to D register SI 
is cither cable 44 or 44 A of FIGURE 2. Hard- 
ware error circuit 95 and error register 93 of 
FIGURE 3 correspond both to the hardware 
10 error circuits 52 and 52A of FIGURE 2. 
External cables 97 receive signals frc-m the 
external registers 50 and 51 respectively for 
the two MPU's. 
It is understood that MPUD has a similar 
15 set of exchanging registers respectively with 
j both MPUX and MPUY. 
I AND circuits 9S of FIGURE 3 correspond 

; to the gates XA, XB, YA, and YB of FIGURE 
2. 

20 Each MPU is trapped to a predetermined 
routine by a signal on trap line 17 or IS, 
respectively. The trap signal forces IC 66 to 
| all zeroes. At ROS address 000, the instruc- 
tion word initiates X-trap routine (FIGURE 
; 25 15) or Y-trap routine (FIGURE 25). For 
reliability purposes, it is desirable to force 
MPUY to inactivity. This means that clock 
oscillator 98 is gated to an inactive state. Dur- 
ing normal operations, clock 98 supplies tim- 

30 ing pulses to advance IC 66 and coordinate 
operations of the various MPU's as is well 
known. Whenever MPUY has finished its 
operations, it sets star D in register 89. Stat 
D indicates MPUY has finished its operations 

35 as requested by MPUX. The star D sisnai sets 
hold latch 99A indicating that MPUY is inac- 
tive. Hold latch 99A gates clock 98 to the in- 
active condition. When MPUX traps MPUY, 
not only is IC 66 preset to all zeroes, but 

40 hold latch 99A is reset Clock 98 is then en- 
abled for operating MPUY. For design choice 
reasons, MPUX is not inactivated in this man- 
ner. MPUX has an idling routine which is 
later explained. 

45 Examination of the MPU's shows that the 
computing capability is substantially less than 
that required for performing all I/O control- 
ler functions referred to in the microprogram 
description. Duplication of hardware is useful 

50 to reduce manufacturing costs. 

Data Flow Grcuits 13 
The hardware-designed data flow circuits 
13 are shown in full loaic form in FIGURES 
4 and 5, while FIGURE 6 is a simplified 
55 diagram of an MPUY-controllcd data fiow 
circuit. 

In FIGURE 4. data signals are received 
oyer cable 32 before conversion of the data 
signals from a tape-format form to INTFX 
*0 form. Sicnal envelope detection circuit 100 
verifies that sisnals arc repetitively received 
over cable 32. Upon detection of an envelope, 
appropriate signals are supplied over cable 
35 to MPUY. Also, input-g3ting circuits 101 



receive an actuating signal enabling the input 65 
signals to be passed to one of the detection 
circuits 102 or 103. The format of the sig- 
nals in input cabic 32 indicates whether the 
tape format is PE .phase encoded) or XRZI 
(nonreturn to zero -IBM;, ihese two record- 70 
ing sch:mcs are rcsrrrtiv:/.* shown in U.S. 
Patents 2.734.1S6 and 2,7" •> ,646. Control and 
timing circuits 104 are rc.oemivc to a burst 
c: ones, commonly referred to as a preamble 
or postamble, for indicating that a.PE signal 75 
is being received. A latch (net shown) is set, 
and the control s ; gnals are supplied to input 
gating circuits 101 to direct the signals to PE 
detection circuits 103. Such circuits may tike 
one of several forms which is not pertinent to 80 
the practice of the present invention. On the 
other hand, if control circuits 104 detect 
XRZI, then the input signals arc directed to 
detector 102. The outputs of detectors 102 
and 103 arc in the same format ana are sup- 85 
plied through OR circuit 106 to buner regis- 
ter 107. From thence, the signals arc supplied 
over cable 30 as shown in FIGURE 2. 

Upon detection of each byte of data, which 
may include deskewing operations, control 90 
signals arc supplied over cable 34 to MPUX 
for coordination with INTFX. Additionally, 
status signals from control and timing circuits 
104 indicate to MPUX and MPUY" whether 
XRZI or PE signals are being detected. Detec- 95 
tors 102 and 103 may- be adaptive — that is, 
their operation may van' with the velocity of 
the tape in the various MTU's. In PE detec- 
tor 103, the self-clocking ch-.racterisrics ef PE 
may be sufficient to trac;; frequency variations 100 
of the input signal. In XRZI cttcetcr 102, 
tachometer signals received over line 36 are 
used to vary "the length ef the gate— that is, 
in XRZI detection, the first-occurring transi- 
tion in a byte turns on a timer having a pre- 105 
determined timc-ou: p:ri:d. Any signals occur- 
ring in that time-out period are defined as 
being in the byte as:ociatcd with the leading 
hit. As the tape velocity varies, the hue-period 
duration varies. The tachometer signals on line 110 
36 alter the time-out period such that the 
period varies in accordance with tape velocity 
variations. 

Signal envelope detection circuit 100 also 
supplies control signals over cable 33 indicat- 115 
ing that the detection threshold in the various 
MTU's should be chanced. For example, if 
there is a track in error TIE), the threshold in 
that particular track ehould be raised. MPUY 
additionally controls threshold level through 120 
control signals placed in the TUSO register 
to OR with signals over cable 33. MPUY can 
therefore sclcctivelv modify or override 
threshold signals from the signal envelope 
detection circuit. 125 

Write data flow is shown in FIGURE 5. 
The signals to be recorded by the various 
MTU's are received over able 31 and stored 
temporarily in write data buffer register 110. 
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Note there is no input gating such that write 
data buffer 110 must receive all the signals 
supplied by IXTFX. When such a signal is 
applied, MPUX actuates timing and control 

5 circuits 111 to activate AND circuit 112 in 
tuned rehihnihi? with the write signal genera- 
tion circuits 113. Writ; signal generation cir- 
cuits nre ihov: r.crr-iai-y use;! for scr.erating 
PE or XRZI s. : g*:cis, as is well known. The 

10 digital generated <\>Z22U arc supplied over 
cable 33 to the add;e;<cd MTU. Tachometer 
signals received over line 56 may be used to 
provide automatic density control of the write 
signals such thai thcte is a constant demit} 

15 recorded on tape. 

In FIGURE u MPUD is connected res- 
pectively to interfaces X and Y via cables 
30— ?3* through buffer stores. 116 and 117. 
Tachometer signals received over line 36 arc 

20 supplied tr a branch control circuit in MPUD 
for controlling density recording during a 
write operation. Microprograms in MPUD for 
a read data flow includes microprogrammed 
timing subroutine; uhieh meter the one-half 

25 wave lengths of the input signals. The one- 
half wave length durations ar: then used in 
an analytical program for determining whether 
PE or XRZI is heir* received. Once this has 
been se: up, the program branches to a XRZI 

50 or PE detection routine. The XRZI routine 
include: a time-out microprogrammed routine 
which performs in the same manner as the 
time-ou: circuitry cf XRZI detector 102. In 
a similar manner, time-out subroutines are 

35 used in the PE detector which effectively 
meter tbj duration cf the one-half wave lengths 
of the PE and use the information derived 
therefrom for ascertaining the data content 
of the PE signal In FIGURE 6, no special 

40 preceding circuits are provided for MPUD — 
all of the special processing being performed 
by programming techniques. 

If the arrangement of FIGURE 1 for 
MPUD is used, special processing circuits 26 

45 correspond to detectors 102, 103, and signal 
generation circuits 11?. 

Special processing circuits 25 merely arc 
the buffer registers shown in FIGURES 4 and 
5. In the event that IXTFX had jpecial for- 

50 mats, circuits 25 convert the detected signals 
to the appropriate signal formatting. 

Microprogramming Generally 
FIGURE 7 shows general relationships 
between the micro-routines of MPUX and 

55 MPUY. This showing is greatly simplified to 
give a general impression cf how the micro- 
routines cooperate to perform J/O controller 
functions. Many cf the functions performed 
by these inicro-rou:ir.ej have been performed 

60 before in other I/O controllers, usually by 
hardware sequences. Correlation of selected 
microprogram rourincs with previous hard- 
ware routines are *e: forth in some of the 
detailed description following this section. 



Some micro-routines of lesser importance i*> ($ 
the present invention have been omitted for 
clarity. The described routines were selected 
to illustrate the operative relationships cf 
MPUX. MPUY, ar.d data flew circuit 13. 

X iJlcscaa 120 and Y idiescan 121 mcr.;::: r 
pending status, interrupt status, and p-rviae 
inter-ennmunication between the two MPU's 
for ascenaimnc the availability o: dev;;;* 
connected v IXTFY. X idiescan 120 induces 
trapping MPUY via Y idiescan 121 fer polling T5 
IXTFY to determine avaiiabiiitv of jn MTU 
addressed by IXTFX. Included in X idL^car. 
is a wait routine which idles MPUX un::! 
trapped bv IXTFX. IXTFX ;raps MPUX to 
ROS 65 address 000. At MPUX ROS aidrws i: 
000, X-trap 122 begins. During the execution 
of X-trap routine 122, MPUY is trapped to 
ROS address 000 to iatcr execute Y-i«p 
routine 123. In X-rrap 122, CTO i:. sensed 
for initial selection. If the initial selection r.g £5 
is active, X-trap routine hranc!::; the nticro- 
program to X-initial selection 125. If tnere 
is no initial selection. then either X-rcsct 126 
or an ALU diagnostic within di-irrnr?:;-" 12? 
is performed. Upon complc;ion of th;:e ;ur.c- Sv 
tions, X idiescan 120 may be rc-cntcrei ;o 
complete MTU scanning operations. Ir.itia! 
selection 125 is responsive to ceriair. hard- 
ware errors received over line 12$ sen fed as 
described wiih respect to FIGURE : . ;o stop 95 
I/O controller 11 for indicating detected hard- 
ware errors. A primary functicn of initial 
selection 125 is interrupt proeessinc, es des- 
cribed later with respect to FIGURES S et 
scq. 1 * ' 

During an initial selection, X-pcl!ed 129 
is entered :o further identify the IXTFX , 
request. Also, certain branch conditions jr: ; 
set up in LSR for use later by X-termiaitien 
130, MTU addrcrs verification may re per- ICfi 
formed. Upon completion cf the branch set- » 
ups, the X-poIled 129 initiates X-carjs 152. i 
X -statu? 132 activates CTI to send signals 
to IXTFX indicating controller status in res- ! 
ponsc to the previously received IXTFX re- 11' ; 
quest. Eased upon the branching set up in j 
X-pellcd 129, the microprogram execution i 
may follow several mutes. These primarily end ; 
up in X-terminaticn 130 which terminates the 
MPUX operation. MPUX then reens for 115: 
further, interrupts. With all scanning com- \ 
plcted, MPUX waits for further instructions i 
from IXTFX. | 

Another important routine is sen-ice return 
fSERVRTN> "135 used in coniunctien uith iid 
IXTFX for timing and control purposes dur- 
ing data transfers. The operation of the above- 
rc:erred-to data channel operation in Mover 
et al is implemented by service rerum 135. 
Another possible routine entered troni initial 
selection 125 is X mode 136, which determines 
the mode of operation in the controller in res- 
ponse to IXTFX CMDO Commend Out 4 
signals. X-read type and test 137 u cr.icrcd 
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in the event the initial selection results in a 
read operation. X-rcad type and test 137 traps 
MPUV to predetermined addresses, as later 
explained, for initializing a read operation in 
MPUY. In a similar manner, X write 13S is 
entered and also trap* MPUV 10 anothcrjub- 
routinc for initializing wr;;.c operation. En or 
sums 139 trariricrs crr::r mtorrution through 
INTFX to CPU. This routine is closely asso- 
ciated with initializing I/O controller 11 for 
read or write. Sense 140 ?* entered in response 
to a s-ense command. :>:::-ir:: transfer: r.cnsc 
bvtcs to CPU for analysis. X-terrnination 130 
also traps MPUY ir.' connection with the 
selecting activated MTU's and fcr perform- 
ing other functions in connection with termi- 
nating an operation p^wuslv initiated 
through IXTFX as will b: described. MPUY 
micro-routines - respond t» MPUX micro- 
routinrs for controlling -arious MTU's via 
INTFY. These micro -rouines also transfer 
information control sicrals from INTFY ;o 
MPUX for retransmit] to I>rTFX. Upm 
bcinu trapped bv MPUX, Y-trap 123 obtains 
an MPUY ROS address from XB register and 
then branches to that addreis. Such ROS 
addresses arc the first infraction address of 
several MPUY microprograms. For example, 
one address initiates diagnostic 142. Diagnos- 
tic 142 initiates motion conirol activity in 
motion control 143, reading activuv in Y-rcad 
144, writing activity in Y -write 145, velocity 
analysis in velocity 146, or termination in Y- 
termination 147. Diagnostic 142 may also per- 



13 responsiveness to the microprograms ccm- 
pletes the description. 

Interrupt Scanning 
Idlescan Microprcgrams — MPUX and 
MPUY 



as 



form internal diagnostic functions such 
ALU operation chccldnc. On the other hand, 
Y-trap routine 123 may branch to Y -initial 
selection 14S to initialize MPUY for activity 
set forth in additional cor.vrci signals from 
MPUX in registers 14. This may include an 
initiation of status 149, tenninauon 147. or 
Y-idlcscan 121. The MTU operating routines 
143—146 may also be initiated from initial 
selection 14$.* As will become apparent, in 
addition to eschancing control signals via 
registers 14 and 15, status information is 
freely exchanged between the two MPU's for 
microprogram coordination. 

In the following detailed description, the 
idltscen routines arc first discussed in detail. 
This discussion shews some of the inter-rcla- 
lionships between the two MPU's and the 
micro-routines. It is also useful to show how 
control information is transferred from 
MPUX via registers 14 to MPUY, as well as 
exchange of status information via status 
registers S9 in the MPU's. Then, the MPUX 
microprograms are described in simplified 
form to show what function MPUX performs 
in I/O controller 11. Discussion of MPUX 
and MPUY sense show> transfer of signals 
from MPUY to MPUX via registers 15. Thi< 
discussion is followed by a similar discussion 
cf MPUY micr?proeram>. Finallv. a discus- 
sion on the relationship of data flow circuits 
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ectiveiy show m 
intermediate ti*>v: -diagram form X- and Y- 
idlcscan microprogram*. Portions of these pro- 
grams sear, fcr interrupts from INTFX end 
verify the accessability ot M 1 Vi : whether or 
no: a previous IXTFX request had been 
received and supply status information :o 
IXTFX for subsequent actio::. FIGURES 
10 — 14 are more detailed diatom.- shewir.g 
the functions performed during interrupt 
scanning This is referred to as DEPRIME, 
which means DEVICE END PRIME. Whc:: 
a MTU has finished its function, it rupplies a 
NOT BUSY signal. MPUY scans some LSR 
rccisters called DEPRIMES in which actio", 
requests (PRIMES^ from INTFX are stercd. 
Upon receipt of a DEVICE END scan request 
from MPUX, Y-idlcscan 121 checks these 
LSR registers for PRIMES. Upon detection 
of a PRIME, the associated MTU is ehcefced 
for presence of the NOT BUSY signal. If 
preser.;, the information is supplied ir. MPUX 
for forwarding to INTFX. A comparable 
hardware seauence version, of this same func- 
tion is fuliv described in U.S.. Patent 
3,404376. The design of the present I/O 
controller enables a "microprogram perform- 
ance of this function. The microprogrammed 
version reduces costs by enabling urn: snar- 
ing hardware among various functions. 

Upon initial start up, i.e.. depression of a 
star button, all statu* in the I/O controller is 
cleared. MPUX is hardware tr.-pped and pro- 
ceeds to execute :i MPUX checkout routine 
rnot shown). MPUY is released from trapped 
status to execute its MPUY checkout routine 
(not shown). Upon successful completion 'no 
errors) of both routines :not shown"! MPUY 
is acain hardware trapped and MPUX enters 
IDLESCAN. 

Upon a trap by INTFX, X-trap 122 and 
initial selection 125 arc entered. Then, idle- 
scan 120 is entered for checking pending status 
and determining interrupt status. The term 
"idlescan*' is the" code name for entering check- 
ing pending sums 152. This subroutine is not 
shown in further detail. The functions per- 
formed are easily microprcgrammablc. Such 
functions include initially resetting control 
unit busy rCUB) flag for INTFX. this means 
that the microprogram determines the busy/ 
not-busy status of I/O controller 11. Such 
action includes checking for stacked requests, 
queues, reserved pending statu;, of I/O con- 
troller 11. chained, and conditional cennee- 
tion conditions. If there is pending status, 
termination 1?0 is entered as more fullv ex- 
plained with pjTtieular reference to FIGURE 
H'. If I/O controller 11 is in a chained condi- 
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lion, ihcn the wait-f or- selection routine 150 is 
re-entered until INTFX issues the next 
chained command. (Chaining dedicates a 
MTU 10 a predetermined sequence of opcra- 

5 tions under INTFX ccr.uel which cannc: be 
interrupted.) Next, whether or not a condi- 
tional connection has beer, made to INTFX 
is dctcrmir.ee. I: so, i.e., the cc:ncc::cn is 
conditioned on ability to perform the function 

10 requeued, it must wait until INTFX has 
determined whether o: net it wants the sub- 
system including a MTU to perform a given 
function. A conditional connection occurs 
when I/O controller il supplies an indication 

15 of an equipment teilurc cr the like. If none of 
the above cenditiens are detected, a pending 
status register in LSR is cleared. 

In some peripheral subsystem, INTFX 
actually may consist :i more than one data 

20 channel. Such an arrangement is called MIS 
(multiple interface switch). Such a switch 
usually has rwo cbu channels, A and 3. By 
arbitrary definition, channel A has priority 
in requesting service over channel B. When 

25 such a feature is included in INTFX, check 
pending status 152 sense* for outstanding re- 
quests from bom channel; and also senses 
priority. STAT B active indicates channel B 
and when inactive indicates channel A. Any 

30 status detected is set forth cither in LSR of 
MPUX or in status register bit A, which is 
the internal EOC (Enrich on Condition). If 
check pending status 152 ascertains there is 
no pending status and the controller is not 

35 chained, previously received interrupt requests 
for an MTU that were busv are scanned. 
These arc termed DEVICE END PRIMES 
(DEPRIMES). Such scanning is fully des- 
cribed in U.S. Patent 3,40-1,376. 

40 Scanning DEPRIMES rccuirc micro- 
routines in both MPUX and MPUY. The 
DEPRIMES are stored in LSR of MPUY in 
four LSR registers as tabled beiow: 

TABLE I 

45 Dcprimes Mapping — LSR in MPUY 

LSR Byte INTFY MTU 

Address Channel Addresses 

111 A 0—7 

112 A 8—15 
50 113 B 0—7 

114 B 8—15 

In the above table, I/O conrrollcr 11 has 
the capability of commimicatin? through 
channels A arid B of INTFX and MTU 0— 

55 15 of INTFY. Any MiU is connec^blc to 
cither channel A or B via I/O controller 11. 
LSR byte addresses 0111 — 0114 are arbitrarily 
selected. Each MTU has one bit position in 
the respective LSR one registers. Each bit 

60 position corresponds to the iatch used in 
U.S.A. Patent 3.404.37f. The micro-routines 
scan LSR looking for one ^PRIMES' in the 
bit positions. Upon detection of a one, INTFY 



is interrogated to determine the busy /not- busy 
status of the respective MTU. INTFY replies 
via MPUY indicating whether or r.o: MTU 
is available. If there has been a DEVICE 
END received from the addressed MTU. en 
effective connection is made from INTFX to 
INTFY for transferring date sicnals bc:we:n 
CPU and the adrcsscd MTU. If the MTU is 
busy, the scan proceeds until a PRIME is 
found cr the scan completed. No PRIMES in 
LSR bytes 111 — 114 indicate there are no 
outstanding requests. Therefore, upon com- 
pletion of a scan with no PRIMES, IDLE- 
PZND 150 is entered to wait for further 
INTFX action. 

In FIGURE 8, upon completion of check 
pending status 152, four subroutines for inter- 
rupt scanning are seriailv entered. The first 
:s X-DEFRIME 154. This subroutine sets up 
MPUX for interrupt scanning and traps 
MPUY to EXEXDEP in Y-DEPRIME 155 
.'FIGURE 9). MPUY subroutine 155. ex- 
plained in detail later with respect to 
FIGURE 11, scans its LSR byte registers 
111 — 114 as set forth in Table I. Upon a 
hit, the MTU address is supplied to its inter- 
change register YA: and th; B bi: of its stat 
register S9 is set. MPUX, upon detection of 
stat-B active, fetches the device address via 
YA gate 97 (FIGURE 2\ Scanning requires 
that MPUX set its stat-C oit to indicate that 
an MTU is beins selected. MPUY, upon 
sensing MPUY stat C, enters check MPUY 
status" 156. This subroutine not only fetches 
the MTU address, but alse checks various 
status bits, errors, and stores the statu $ in its 
own LSR. The MTU address is verified in 
subroutine 157. 

After address verification. MPUX enters X- 
poll INTFY 155. Subroutine 15S traos 
MPUY to EXECPOLL in Y-poll INTFY 
160. In subroutine 160, MPUY poiis INTFY 
for its activity and status. As soon as INTFY 
is detected as being active, i.e., the selected 
MTU has responded, the :cannine sequence 
is returned to .MPUX indicating that INTFY 
has been polled (MPUY staf C is active). 
MPUX then responds by setting the device 
tutus in its own LSR and supplvina control 
signals to INTFX entitled "SUPPRESSIBLE 
REQUEST IN" which indicate to CPU that 
the peripheral subsystem is available for per- 
forming the requested function. MPUX exits 
X-poll INTFY 15S to IDLEPEND 150. It 
then waits for CPU to initiate further action. 
MPUY exits subroutine 154 to wait MPUX 
via POLLMTIX as explained with respect to 
FIGURE 11. 

With particular reference nnw tc FIGURES 
10 and 11, the X-DEPRIME 154 and Y- 
DEPRIME 155 subroutine are described. 
Interrupt scan is initiated thrcush the entry 
of X-DEPRIME 154 tt 163. The first action 
is to set DEVICE END in LSR and clear 
MPUX status register $9 to all zeroes. This 
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■ action indicates that channel A activity is 
65 being checked first and that no MTU is being 
j seiccicd. Then, in test step 164, MPUX 
! determines whether or not I/O controller 11 
i 5 has been previously reserved by INTFX. If 
• it has been reserved, then in step 165, MPUX 
70 determines whether or not it is channel A or 
; channel B. If it is channel B. stat B is set to 
11 1" requiring MPUY to scan channel B DE- 
< 10 PRIMES. Otherwise, stat B is rcsc: indicating 
i that channel A DEPKJMES are to be scanned. 
75 : In the event that I/O controller 11 w-s no: 
reserved, step 165 i e bypassed. 

In step 166. MPUY is trarped to Y- 
15 DEPRIME at EXECDEP 155. At this time, 
MPUX may enter another program returning 
80 i to check MPUY status 156 at some later time, 
i In this description, MPUX idles until MPUY 
; has completed Y-DEPRIME 155. 
i 20 Upon being trapped, MPUY enters Y- 
!' DEPRIME subroutine 155 at P0 (FIGURE 
11). First, MPUY determines whether chan- 
nel A or channel B is to be scanne.i. This 
affects LSR addressing during the scan opera- 
tion. Depending on whether channel A or B 
is indicated by MPUX stat B, steps 171 or 
172 are entered. These steps set MPUY to 
j cither scan A or B DEPRIMES. If there are 
j no hits, in the scan, MPUY sets stat D ;no 
i 30 primes found} in step 17? and waits for 
| MPUX. When no DEPRIME is found in 
95 ' step 179 at a given LSR location, the micro- 
program indexes the scan in step 177 to the 
next MTU address. The scan count is also 
35 indexed. Decision step 17S compares the scan 
count with the number of attached MTUs. If 
100 the scan is completed, no DEPRIMES were 
found. Then step 173 sets star D and MPUY 
waits MPUX. If the scan is not done, the next 
40 DEPRIME location is examined in step 179. 
Upon detection cf a DEPRIME in step 
105 179, the MTU address is supplied to YA and 
stat B is set. Stat C informs MPUX that the 
MTU address is available in YA. MPUY at 
45 ISO then waits for MPUX to fetch the MTU 
address. When MPUX sets its stat C 
110' ^FIGURE 12, step 1S9), then MPUY resets 
j its stat C for continuing Y-DEPRIME 155. 
! As soon as MPUX sets stat C, MPUY 
; 50 executes step 182 to determine whether or not 
j the addressed MTU is switched, i.c., connected 
115 ; to another I/O controller (not shown). If so, 
j the addressed MTU is not available; and the 
I scan continues via indexing step 177. When 
, 55 the addressed MTU is available, its sense data 
1 it fetched in step 185. Stat C is then reset. 
120 1 Next, in decision step 1S1, MPUY determines 
! whether or not the addressed MTU is busv. 
[ If it is busv, then the scan is continued via 
I 60 indexing step 177. When the MTU corres- 
I pending with the sensed DEPRIME is not 
125 ! busv, MPUY sets stat C in step 1S3 and enters 
i Y-idlesean ^FIGURE 9* via POLLMTIX. 
! In POLLMTIX 'FIGURE 9\ MPUY waits 
65 at 186 for MPUX to sc; stat C (FIGURE 



12). MPUX has fetched MTU address from 
YA. As soon as MPUX stat C is sensed, 
MPUY cicars DEPRIME m LSR and sets 
siat D to wait MPUX. 

Returning now u» MPUX, its last-described 70 
operation was step 166 FIGURE 10*. where- 
in it trapped MPUY to perform the operations 
just described with respect to FIGURE 11. 
MPL'X may then enter other program*; but, 
cvcntuallv, it returns to the idlescan rcutine 75 
at 187 of FIGURE 12 frr checking MPUY 
status. First of all, in step 188, MPUX deter- 
mines whether MPUY ha; set stat C cr D, 
i.e., whether cr net a DEPRIME has been 
detected or a scan h:.s bee:; complete! MPUX 60 
waits at 1SS until one ox the two MPUY stats 
are activated. First, assuming that star C is 
set, then the MTU addres: must be verified. 
■In step 1S9, MPUX fetches the jUTU ad. J res: 
from YA register 15. This MTU addrcsi is ^ 
then transferred in step 1^9 to TU address 
register 60 (FIGURE "Z\ Simultaneously, a 
tag line to MTU's ;net shown) entitled 
"select" is activated sucn that even* MTU 
examines the address in TU register frO. 90 
MPUX also sets stat C to indicate to 
MPUY that the MTU is being selected. 
Assuming that MPUY" stat C remains 
on, in branch step 190, the niieiv- 
routine moves to step 191 wherein the MTU 95 
address is transferred to LSR. This is a 
memory operation such that MPUX can per- 
form later-described operations with recerd 
to the selection of the addressed MTU. then 
the X-termination 130 is entered at TERM- 100 
STAT informing INTFX of the acquired 
status data and enables MPUX to wait for 
further instructions. 

Next, assuming that MPUY* stat C is off 
:'MTU address was not in Y*A\ stat B of 105 
MPUY is on (MTU address now in YA); then 
the routine is re-entered at point 192 where- 
in the MTU address is fetched from YA. 
When stats B, C and D arc all orT, .MPUX 
waits MPUY at 193 until one of th; three 110 
stats is set. Assuming next that MPUY stat 
D is set on and stats B and C arc off, further 
status checking is required. There may be an 
error. First, if there is an error, an ALU 
diagnostic fDIAG 127) is entered. If there is 115 
no error, it is again cheeked whether cr not 
the I/O controller has been reserved bv 
INTFX. If it has been reserved, X-polled 129 
(FIGURE 17) is now entered. This is done 
to determine whether or net the I/O controller 120 
has been polled on a reserve status. Similarly, 
if MPUX stat B is on, the same routine is 
entered. If both of these conditions arc off, 
tnen MPUX sets stat B and B-intcrfa^e flag 
: channel B active). After doing this, the roet.re 125 
is re-entered at point 192 until a change in 
stapjs causes the micro-routine to branch to 
one of the other above-described destinations. 

Returning now to the wait evele 188, assume 
that MPUY stat D is on, no DEPRIMES 130 



EMC 



have been detected. First, in step 195, MPUY 
error indications arc checked. If there is an 
error, a diagnostic routine operable with rhe 
MPUY is entered. If there is no error, the 

5 reserve status of I/O controller is checked in 
step 196. If it is reserved, cr if controller 11 
is not reserved and MPUX stat B is cft\ then 
X-polied 129 shown in FIGURE 13 is entered 
at POLLMTI. Thi; routine will initiate pcl- 

10 ling an addressed .MTU to determine its status. 
If the MPUV sut B is on, the A DEPRI.MES 
have been scanned such that B DEPRIMES 
may now be scanned. The B-intcnace flag is 
set on, and the rr.iero-rcurinc returns to rtep 

15 166 in FIGURE 10 for trapping .MPUY to 
scan C DEPRLMES. 

X-polled 129 .'FIGURE 13) is performed 
as follows. Firs:, in step 200. LSR registers 
containing morion control and status informa- 

20 ticn are cleared in preparation for acquiring 
status data from the polling. In steo 201, 
MPUX traps .MPUY to Y-poll INTFY 160 
at EXECPOLL as next explained with res- 
pea to FIGURE 14. 

25 MPUY enters Y-poll INTFY 160 via 
MPUX trap. First, in sap 202, MPUY deter- 
mines whether or not INTFY is active — that 
is, are there any control signal; being received 
from MTU. If ;hcrc arc not anv, srat D is let 

30 in step 203; and MPUY then waits MPUX. 
Stat D provides communication to MPUX 
to ensure that it will follow the correct micro- 
routine. When INTFY is active, selected 
scratch-pad registers called "work 1" in LSR 

35 are cleared. Stat B is then set to the active 
condition indicating to MPUX that INTFY 
is active. Then MPUY nroceedr. to waiting 
cycle 204 until MPUX sets stat C active 
fMPUY may proceed \ 

40 Meanwhile, MPUX had been waiting in 
two-step decision axle 205 .^FIGURE 13} for 
MPUY to set either stat B or D. If stat D is 
set and MPUY had been trapped for determ- 
ining INTFY activity, an error may have 

45 occurred in the subsystem. Accordingly, a 
diagnostic routine is entered. If MPUV'stat 
B has not bc*cn reset, MPUX waits for MPUY 
to sc: sut B in step 206 in FIGURE 14. 
MPUX then moves to raise the select line (not 
50 shown) in INTFY and reset* the tape unit 
address register 60 to all zeroes. This initiates 
a scan of MTU addresses until MPUY sen 
sut C en, i.c., INTFY becomes active. 
This scan loop includes setting stat C in 
55 step 20S causing MPUY to execute Y-scan 
cycle 209. Scan cycle 209 has its correspond- 
ing MPUX scanning in Y-scan evele 210. 
MPUY waits at 204 until MPUX has set 
stat C in step 20S. Then. MPUY determines 
60 in step 211 whether or not INTFY is active. 
If it is active, the addressed MTU i's readv to 
go; and sui B is set in step 212. Then,* the 
micro-routine exits rhe Y-pollcd subroutine 
and emcrs POLLMTIX of FIGURE 9. If 
65 INTFY is inactive, MPUY in step 213 adds 



one to the index and sets sut C Setting sut 
C informs MPUX tha: the addressed .MTU 
was not active. Then. MPUY wa;ts a; 204 
until MPUX has again set stat C. 

The corresponding Y-scan evdc 210 in 70 
MPUX (FIGURE 1>- includes a we:: cycle 
having steps 214, 215. end 216. Step 214 
senses r.h-eiher or no: star C of MPUY cn. 
If MPUY sut C is or., the scan is indexed 
by indexing TV address redster 217. This 75 
advance: the .MTU addrcisine step 20S. 
MPUX sets stat C enabhns .MPUY pro- 
ceed from 20-t 'FIGURE K. In s:cp 215 
(FIGURE 13\ sat B of MPUY is ?c-a«d lor 
determining whether or not an .MTU hci rr.cde 80 
INTFY active. If it has, cycle 210 is exited 
as will be later described. Steo 216 is an error- 
checking step. If MPUY sets srat D, no 
activity is. indicated. This should be crrer.eous 
because of the previous activity of INTFY. 85 
In the event that i: iz active* a domestic 
routine is entered. In the even: it is o::. step 
214 is re-executed: and stat C is reset. 

On detection of stat B from MPUY, .MPUX 
informs INTFX that a requested MTU i< 90 
now available. In step 21S. a deviec-in status 
line in CTO is activated. This inform? INTFri 
that the MTU is r.vailabic. In the seur.-e step, 
the MTU address is transferred from TU 
address register 60 to LSR for future micro- 95 
program reference. Next. MPUX determines 
whether or not the I/O controller is reserved. 
If it has been reserved, a suppressive request 
in {SUPP REQ IV o;i CTI of the rt^rvisg 
channel A or B is activated. If there ha> been 100 
no reservation, the SUPP REO IN ii rziscd 
on all channels in INTFX. MPUX then exit? 
to the wait routine in FIGURE S entitled 
"IDLEPEXD**. 

MPUX Supervisor Microprograms 105 
FIGURES 15—24 arc simplified flow dia- 
grams of tnc microprograms used in MPUX 
to effect coordination of operations with 
INTFX, supervision of certain aspect? of data 
Sow circuits 13. and effecting supervisor** HO 
control over MPUY and MTU's. It should be 
understood una: these microprograms miy take 
several forms and ui\\ effect advantages of 
the present invention. Program segmentation 
techniques may be u>cd within fhe micrcpro- K5 
grams. For brevity, it is assumed that program 
segmentaiion has been minimized. 

The order of presentation of these programs 
follow generally the execution of initial tac- 
tion processes as well as communication during 120 
burs: and other modes of operation. The 
microprograms that are described in moderate 
detail are trap, initial selection, polled status, 
termination, and sense. Rcnine* read tvpe 
and te*t and write are utilized during burst 125 
mode. Service return is used in timing the 
data transfers. Error status and the fense, 
reset and mode arc usable with othc* micro- 
program*. It will become apparent that MPUX 
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is continuously monitoring CTO for newly 
icceivcd instructions from INTFX. ADDRO, 
indicatir.2 a new selection or early termina- 
tion, and CMDO, indicating a change in 
operation, are particularly important. 

X-trap 122 is initiated by a trap signal 
receive J from IXTFX over line 17 setting IC 
66 (FIGURE 3) to a!i zcr?cs. Irrespective cf 
the microprogram being executed at th? cur- 
rent time, this actie-n requires MPUX to 
obtain the next instructor, wcrd from ROS 
address 000. Status stored in LSR, as well as 
in the various other registers in the I/O con- 
troller, ensure that no status data is lest. 
80 15 In storing status, step 220 first transfers 
status information to LSR. This includes 
transferring information from crrer register 
9?. Tnc signals stored in - interconnection 
registers 14 are also transferred to LSR at a 
85 20 preselected byte addrcis such that MPUX may 
recover that information. The interconnection 
registers arc then cleared to all zeroes in prc- 
j pararion for performing functions requested 
bv INTFX. In step 221, MPUX samples 
90 25 whether or net CTO is receiving an initial 
selection signal from INTFX. If INTFX is 
I indicating initial selection, initial selection I2>, 
as next explained with respect to FIGURE 
16, is entered. If it is not an initial^ selection 
95 1 30 trapping operation, in step 222 MPUX traps 
! and holds MPUY at its ROS address 0000 
j as described with respec: to FIGURE 3. In 
I decision step 223, MPUX determines whether 
or not there is a general or selective reset. Rc- 
100 35 set enables I/O controller to restart in accord- 
ance with INTFX command signals. If none 
of these conditions occur during a trap, an 
error has occurred. Diagnostic routines arc then 
entered to determine the source of the error. 
For brevity, diagnostic routines are not ex- 
plained in 'detail. An alternative action is to 
stop I/O controller and light a trouble indi- 
cator for manual intervention. 

Initial selection 125 is explained with par- 
ticular reference to FIGURE 16. The routine 
is entered at point 226 for checking initial 
conditions in step 227. MPUX. before it can 
evaluate what the initial selection signal from 
INTFX means, must determine what all of 
the initial conditions arc for setting up pro- 
gram branching operations to be used later. 
If ADDRO i Address Out> is inactive on CTO, 
X-polled 129 (FIGURE 13 N is entered. 
ADDRO indicates that INTFX is requesting 
access to turn MTU indicated by signals on 
CBO ^Channel Bus Oui\ If ADDRO is active, 
I/O controller 11 responds with either ADDRI 
(MTU is available) or CUB (Control Unit 
Busv>. as will become apparent. 

Further initial condition checking includes 
CU status pending whether cr no: I/O con- 
troller 11 is stacked in this operation, whether 
or not there is a contingent connection, and 
the like. VE'ith anv status pending, the pending 
address of the MTU is compared with the 
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requested address on CBO. If they arc the 
same, ADDRI cn CTI is activated. Also, :f 
there was no outstanding status pending or 
the addresses arc the same, OPERATION IN 
is raised. 

When MPUX has determined all imtu-i 
conditions are satisfactory OK' for the 
INTFX request, the initial aurrrutine 22$ is 
entered. On the other hand, if the pending 
MTU address does not compare with the re- 
quested MTU address, the microprcgr-im 
momentarily signals th: interface hardware 
that selection is net possible. The interface 
hardware returns the CUB signal and continues 
for the remainder of the selection attempt. It 
there was a contingent connection, IDLE- 
SCAN 120 is re-entered for rccheeking that 
situation. If there was ne contingent connec- 
tion, MPUX places the centre! un:t in PEND- 
ING STATUS and initiates termination 130. 

Initialize 22S dears out old status, pre- 
pares I/O controller 11 for a r.ew operation, 
and supplies signals to INTFX indicating that 
I/O controller 11 is prepared to proceed. Th: 
MTU address received from INTFX is moved 
to a pending address register in LSR as well 
as to interchange rectsters 1-r for transfer to 
MPUY. It is also supplied to TU address 
register 60 for selecting the MTU. MPUY 
is "then trapped to fetch MTU addrcs: frcm 
interchance reeistcr XA. MPUX then no\es 
the MTU address to CBI for verifying with 
INTFX that the correct address was received. 
Initializes is completed by raising the 
ADDRI signal in CTI and then checking on 
whether or not diagnostics 3rc to be per- 
formed. 

If ADDRO is now active in CTO, termina- 
tion 130 is enured (FIGURE 19\ ADDRO 
being active at this time indicates INTFX 
wants to terminate the operation. Accordingly, 
in termination 130. status is again cleared; 
and MPUY is trapped to deselect the pre- 
viously addressed MTU. The I/O controller 
then returns to idle pendirz 150 to w:i:t for 
selection. Normallv, ADDRO is not active; 
and MPUX waits for CMDO. CMDO tag 
indicates a command signal is appearing on 
CBO. During this wait period, hardware errors 
mav be monitored. For example, if a service- 
out is supplied, an INTFX error has occurred; 
then, I/O controller 11 stops all operation* 
pending clarification of that error by cither 
manual intervention or subsequent CPU 
diagnostics and resultant cantroi signals nor 
pertinent to the present invention. 

Upon receipt of CMDO over CTO from 
INTFX, fetch command 229 is entered. The 
command is fetched from CBO. checked for 
paritv error, and analyzed by MPUX. For 
example, there mav be a test I/O (TIO:, a 
no operation (NOP), or read, or^ write, or 
other form of command. Dunng fetch com- 
mand, hardware errors, pending status, stac'.ted 
status, and the like are checked again. If 
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status is pending or sucked and the com* 
mand is not TIO, then MPUX supplies a 
CUB INTFX — that is, I/O controller is in 
the middle cf a sequence of opcra;io;is ar.d 
5 cannot receive additional assignments. 

During fetch con::;iar.d 22 fl , several branch 
condition;, are up in L'iR fcr bur u:r by 
MPUX. F.ir c.".:^:p.:, if sta;us is pending or 
rtaeJcti and there i, .i i!0 command, tnere 

10 are three possible routines used in the X- 
tenrinzrien 130 fcr ccnrplear.g this portien of 
the microprogram. The "rnutine executed is a 
function of various conditions in INTFX and 
MPUX. Also, wherhe: or not the addressed 

15* MTU is ruiy h -ehcc:;-d. If addressed MTU 
is busy, scvrral branch conditions are set up; 
the MTU husv status is sent to INTFX by 
status 132. Also, i; a diagnostic fhg from 
INTFX on CTG is artive, diagnostic 12? is 

20 enured. If none of the above tags occur, de- 
code com— and 230 is entered. This last action 
is initiaJoii of a dan processing operation such 
as read, write, and the like. 
Decode command 230 takes the CBO sig- 

25 nals and analyzes them for determining what 
function is to be performed. The micropro- 
gram branches in accordance with the com- 
mand code on CBO to cither X-rcad type 137, 
X-write 13S, error ctarus 139 (based upon a 

30 command reject), or initiating motion control 
such as rewind, forward space, erase, and the 
like. These routine executions replace hard- 
ware sequence* in earlier I/O controllers. 
Since the functions are well known, they are 

35 not all further described. 

For initial selection, X-pollcd 129 is cen- 
tered it ADDRO is not active. The initial 
selection trap with ADDRO inactive indicates 
that a Microprogram request for service has 

40 been henored by the 1/6 channel. Normally 
requests for sen-ice are to process interrupts 
found during the DEPRIME POLLMTI 
routines. This micro-routine replaces a pre- 
vious hardware sequence which examines 

45 INTFX poll request, determines which chan- 
nel (A or B) is palling, and then sets up 
branch conditions for use later on in initial 
selection processing. The first step in X-polled 
129 checks the status and then activates opera- 

50 tional in tag on INTFX acknowledging receipt 
of the poll. If status is already pending or 
stacked, the corresponding MTU and *CU 
address are already stored" in LSR. If sums 
is neither sucked nor pending, MPUX 

55 assembles the MTU and CU address informa- 
tion for INTFX. 

In subroutine 234. MPUX determines which 
channel, A or B, is polling. This is determined 
by a hardware latch 'not shown) which indi- 

60 cates cither channel A cr 3. A notation as to 
which channel is selecting is placed in LSR, 
and al! REQUEST IN tags are cleared. This 
means that I/O controller is no longer avail- 
able far a new request from INTFX. The pre- 

65 sent poll must be completely processed before 



I/O controller 11 can communicate with 
INTFX about a new request. 

After MPUX determine.; which channel is 
polling within INTFX, the device or MTU 
address is verified by subroutine 23: . The ?: 
address is sen: reel; to INTFX via CBI of 
registers 42. A: this time, ADDRI is 
raised in register 43 indicating that the" :n- 
for.T.r.i;en on C3I is an address. Rrcr.ci*. con- 
ditions in LSR again are established fcr u>r 75 
later an by the mierepregrarns curing initial 
selection preceding. Then, MPUX wa;;s un:;l 
cither the ADDRO tag line cr the CMDO tag 
line is ac:iva;:d. If the CMDO is activated, 
.MPUX returns status :o INTFX via X-surui S: . 
132. If ADDRO is activated, HIONO? sub- 
routine in termination 130 is entered. This 
subroutine resets I/O controller 11 a.:d de- i 
selects any selected MTU. \ 

Status is supplied to INTFX upon its re- $5 : 
quest or each time a "CMDO U processed. ! 
For cxan:pie, curing verify d-jvic^ ..MTU ! 
address in X -polled * 129, a CMDO ug was 
sensed to initiate a sutus return. In respond - 
ins to CMDO, MPUX enter? X-status 132 W 
(FIGURE IS) at STATRTN 23?. First, 
INTFX is scanned in microprogram cycle 
239. This seen consists of scannma for 
ADDRO. SVCO, and CMDO tags. If 
ADDRO ta* is active, the microprogram 91 
branches to TERMSTAK in the termination 
130 (FIGURE 19 \ ADDRO active at this 
time indicates termination cf the I/O cpera- 
tion, therefore, termination 130 is entered. If 
either SVCO and CMDO are active, scan 100 
INTFX 239 is repeated until those tass be- 
come inactive This assurance that na out- 
bound tag: are active must be performed 
before any inbound tag can be activated. 

INTFX is now ready to receive rtatus in- 105 • 
formation. Immediately, in subroutine 240. 
MPUX effects transfer of status to INTFX 
via CBI. Scan INTFX cycle 241. identical to 
evele 239, is executed. If CMDO is received 
during cycle 241, MPUX determines in step 110 
242 whether or not CUB was sent. If I/O 
controller 11 is in busy status, termination 130 
is entered at TERMSTK1 as later explained. 
If it is not busy, the stack flag (nor shown ^ is 
ret — that is, a request has been sucked in LSR 113 
which cannot be processed until the fall of 
SL'PPRO. Then, the microprocram branches 
to TERMSTAK in termination ^1 30. If SVCO 
is active, then in step 243 INTFX SUPPRO 
is tested. If SUPPRO is active, the appro- 12D 
priate latches or flags are set in step 244; and 
sutus pending is reset. If SUPPRO is inactive, 
all the flags in LSR are reset during step 245. 
The two branches of the microprogram jcin 
in step 246 to check INTFX CUE larches 125 
mot shownV This checks whether or not any 
other initial selection attcmnrs were received 
from cither channel A or B while I/O con- 
troller 11 was busy. The microprogram then 
branches to termination 130 at 'TERM A CG 130 
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cate with j i n summary, it can be seen that in 
the starus rourinc iherc arc three possible 
branches — TERM STK 1 , TERMSTAK, and 
TERMACC. The firs: tv.o terminations are 
based on stacking status and the third on 
acceptance ct status. Tern;ir.a:ion 130 termin- 
ates the presently exceured micro- routines and 
prepares the I/O controller for subsequent 
action with respect to INTFX. 

A common er.trv to termination 130 
(FIGURE 19;. is via TERMSTAK at 247. In 
subrourinc 2-18, status with INTFX is 
checked. This includes status pending, sums 
stacked, operation inactive control unit bu-y 
(CUB), channel A or B selecting, arc there 
any CUE's, and the like. If there is no pend- 
ing status, the program branches to IDLE- 
SCAN. CUE is a latch .'not shown; indicating 
Control Unit End. When CUE is active. CUE 
latch blocks any attempted 5Ctcc'Jor. until the 
controller is no longer busy. 

Upon successful testing of status, a test is 
made for OPERATIONAL IN during step 
249. If OPERATIONAL IN has been raised 
on CTI, an initial selection is indicated as 
being successfully started. Subroutine 250 sets 
three branch conditions for entering termina- 
tion 130 via statu* routine 132 ('FIGURE IS) 
as previously described. If OPERATIONAL 
IN is not 'active, SUPPLEMENTAL RE- 
QUEST IN tags are established in subroutine 
; 241. The micro-routine then returns to IDLE- 
PEND 150 of FIGURE S. 
If there is a command reject by MPUX, 
35 the termination routine is entered a: 255. 
j MPUX sets the command reject unit check 
tag and starus pendine flags and then enters 
; the TERMSTAT at 247. 

Another alternative entry into termination 
130 is via a command paritv error 
(CMDPARER and CMDPARU These rwo 
points of entry may be from FIGURE 16, 
fetch command 229. In the CMDPARER 
entry, INTFX . sense data is set up. If 
CMDPAR1 is the entry, status pending is 
checked in step 256. If there is status pend- 
ing, the CUB is set in step 257. If there is no 
status pending, unit check status pending flag 
is set in step 258. Then, TERMSTAT is 
entered. 

An independent subroutine in termination 
130 is TERMACC This subroutine is entered 
when the starus supplied to INTFX has been 
accepted. This is indicated bv the receipt of 
SVCO on CTO. A reject of status is indi- 
cated by a CM DO which causes the micro- 
program to branch to TERMSTAK or 
TERMSTK1. For TERMACC subroutine, 
OPERATIONAL IN on CTI is made inactive 
during step 260. Then, the status of the I/O 
controller is scanned during cycle 2f\l. If the 
I/O controller is chained or subtect to a con- 
ditional connection or reserved, stat P is set 
in step 262. This notirics MPUY that the 
status furnished to IN1TX has been accepted. 
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If none of the conditions are detected in scan 
261, a hold larch (not shown) is reset. This 
is a hardware latch which informs INTFX 
that the controllers connection to the currently 
selected inzcrfacc A or B is being maintained 
for one reason or -another. After stat D is set, 
.MPUX waits during wait cycle 264 for 
MPUY to sc: its stat D, which is an 
acknowledgement that it is waiting for MPUX 
to proceed on initial selection processing. This 
a;:ior. is described in detail later with respect 
to FIGURE 27. 

Immediately upon sensing MPUY stat D 
as being active, MPUX determines in step 265 
whether or not die I/O controller is still 
chained. If it i* no: chained, MPUY is trapped 
in step 266 to deselect or release any MTU 
connected to ihc controller. In wait cycle 267, 
MPUX again waits for MPUY to set stat 
D. MPUY stat D being set indicates that the 
deselection of an MTU has been completed. 
After this action has been completed or the 
I/O controller i< chained, MTU devic? indi- 
cations in LSR arc cleared for INTFX; and 
IDLESCAN 'FIGURE S'» is entered for scan- 
ning for additional DEPRIMES or ether re- 
quests. 

In the even: the status furnished to INTFX 
durinz status 132 is rejected, TERMSTAK 
or TERM5TK1 is entered. If TERMSTAK 
is entered, the hold flag on INTFX is acti- 
vated, GDI is cleared, and all channel tags 
in (ClTs} are reset. In LSR, the I/O busy 
signal is reset in the pending status byte. Then, 
IDLESCAN is re-entered as above described. 

Another entry into termination 130 is 
HINOP which mean:, "halt I/O not open- 
ing" (no data processing is occurring in con- 
troller 111 Halt I/O "means * l co not con- 
tinue any I/O operations." This entry can be 
from several routines, such as from initialize 
shown in FIGURE 16. Vi'ith this mode of 
entry, MPUX lirst in subroutine 269 clears 
the status registers shown in FIGURE 3. traps 
MPUY to deselect the connected MTU. re- 
sets the chain flag in LSR, clears CBI in chan- 
nel registers 42, and drops all CTl's. The 
microprogram then returns to IDLESCAN 
shown in FIGURE 8 for checking pending 
sums. 

During a recording operation, often referred 
to as "write," there may be a write check 
condition 'a write error has occurred). One 
write check condition is termed V/C0HIO, 
which means "word count zero or halt I/O." 
Upon detection of a write check condition 
wherein the input/ output processing throush 
INTFX should be held* the statu* surround- 
ing the write check is stored in LSR. Unit 
Jicck tag is supplied to CTI. The sratus pend- 
ing fiag'is then set in LSR and HIONOP is 
entered at subroutine 269, as previously ex- 
plained. 

From the above descriptions, it can be seen 
that termination 130 contains many entry 
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points which arc closely associated with termi- 
nating a particular microprogram routine and 
transferring such information to IXTFX. 
This, of course, is ia addiuon to transferrins 

5 status infonnstion via status routine 132 and 
error status routine 139. Those latter two 
routines do not terminate a set of micropro- 
gram routines. 
FIGURE 20 illustrates in simplified ferm 

10 rcad-;yp: and test 137. Tor each read crea- 
tion, the read- type routine determines the type 
of read, i.e., XRZI. PL, forward, backward, 
and t!:e like, and tests conditions of the sys- 
tem affecting a read operation. In subroutine 

15 270, the ccraaand received from IXTFX **:a 
C30 43 is interpreted. If a sense operation is 
initiated, sense 140 is entered. The purpose 
of a sense routine is to fetch sense data, Lc., 
status information and the iikc, for IXTFX. 

20 If the command received bv the I/O control- 
ler is illegal, the command is rejected with 
the termination 130 being entered at COM* 
REJCT whieh^then supplies a unit check 
condition to IN i FX. If t!:e command is TIO 

25 (tc?t I/O), the link 1 register in LSR is set to 
TERM STAT for use later cn in the termina- 
tion procedures. If the command concerns a 
read operation, MPUX in subroutine 271 pre- 
sets the controller for read in cither th: for- 

30 ward or backward direction. Then, MPUX 
sets the lin': 1 register in LSR to subroutine 
"CLEAXIT". 

Upon acceptance of any command in the 
just-described processing, the TU test routines 

35 are entered. These test routines may also be 
entered from initial selection 125. If the com- 
mand h TIO, step 272 teas whether or not 
MPUY suu C is active. If it is active, the 
status of the MTU is such that unit check 

40 must he returned to IXTFX. This is accom- 
plished by causing the micro-routine to branch 
to termination 130 at CMDPAR3 — that is, if 
MPUY stat C is active, MTU status is im- 
proper for a test I/O operation. If the star 

45 C of MPUY is off, the microprogram branches 
through Jink 1 register LSR to TERMSTAT 
at 247 of FIGURE 19. 

Upon initiation of a read command via sub- 
routine 27;, a!! of the seme data in controller 

50 is clearer? during step 27?. Test step 272 is 
performed a> previously described. Another 
entry into the test routine is PROTEST. In 
this entry, two decision steps 274 and 275 
check for stat C of MPUY and file protect. 

55 If MPUY stat C is on, MPUX resets sense 
and executes step 272. If MPUY stat C is off 
and th: f:!c protect is off. MPUX goes through 
reset sense step 273 to branch link 1. If the 
file protect i? on, i.e., a irritc is illegal, it will 

60 go to command reject cmrv of termination 
130. 

From the above description, it can be scon 
the: the MPUX read routine is merely a super- 
visory operation. The detailed read operation 
65 control is handled by MPUY with the data 



processing circuits 13 performing the actual 
data processing functions. 

A similar situation occur: in the write 13S 
(FIGURE 2T,. Iniual selection 125 initiates 
the write operation at 276. In subroutine 277, 70 . 
MPUX sets up three branch conditions which 
will be used later on in the write operation. 
The hrst on: it VTRTFS l , which means write 
iirst byte of data. The second link is * 
VC0STP, which is word count zero stop. This 75 
subroutine is entered during an operation when 
a CMDO. i,c., stop, is received from IXTFX 
in response to the rirst SVCIX tag. The rlrst 
SVCIX tag indicates that the I/O controller 
is ready to receive the first byte of data for 80 
recording. The third possible branch is 
VTC0HIO, which means word count zero halt 
I/O, as previously explained. After setting the 
branch conditions, the word count registers 
(tally of number of byres recorded* arc cleared 85 
to zero, CBI is cicared, and selected scratch- 
pad registers within LSR are cicared. Then, 
the microprogram branches to service-return 
routine of FIGURE 22. That routine informs 
the IXTFX that the I/O controller is ready 90 
to proceed with writing. After the iirst byte of 
data has been processed, SVCIX and SVCO 
tags are handled by circuits in signal proces- 
sing circuits 13 and as described in Mover 
ct ai, supra. 95 

The WRTFST branch condition is entered 
at 2S0 to initiate set-up subroutine 281. In 
this set up, proper parity on CBO is checked. 
A word count in the sense registers of I.SR 
is cleared to zero. If a set track in crrcr sTIE) 100 
mode set has preceded the write command, 
mode routine 136 is entered to perform the 
transfer of the mode sci data to th: data r!?w 
section. This is termed DOTIEMS1 which 
means "do track in error mode set routine 1." 105 
The scratch pad is incremented by one with 
numbers being sent to CBI. In subroutine 2S2, 
MPUY is trapped to perform a write com- 
mand as described with respect to write 
routine 145. Next, scan cycle 283 is entered. 110 
If ADDRO is up, error status routine 139 is 
entered. If ADDRO is up at this time, i: 
means that the IXTFX wishes to terminate 
the operation. If TAPE OP is up. i.e., MPUY 
has tet its stat indicating MTU h operable, 115 
then normal write initiation re mines are fol- 
lowed. The third pAnr of the rcsn is MPUY 
stat D. It stat D is oil, the scan is repeated. 
If stat D is on, it means that MPUY has 
terminated its operation and the write opera- 120 
tion cannot be performed. MPUX then traps 
MPUY to abort the write and sends in unit 
check to IXTFX. It then enters diagnostic 
routine 127 to check on the erroneous condi- 
tion. 125 

If the TAPE OP condition is satisfied, 
MPUX enters wait cycle 255. If SVCO is 
stiil active, the byte of data to bv recorded 
has not ye: be;n transferred to the I/O con- 
troller. As soon as SVCO becomes inactive, 130 
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scan cvclc 2S6 is entered. If ADDRO is active, 
HIOPERG (hel: I/O controller bpcraiing— 
data processing being perform::!, is entered 
in the error status 139. If SVCO becomes 

5 active again, a diagnostic routine is performed. 
In step 287, the abovc-rcfcrrcd-to work 
register is incremented and returned to CBI. 
This action concerns a diagnostic rcutir.c which 
is bevond the scope of the present speeihei- 

10 tion. If CMDO becomes active, the operation 
is to be terminated. In this situation, the step 
flag in LSR is sc; to the active cenditicn : and 
the burst wait (BSTVTAIT; entry to error 
status 139 is followed. This action sets the 

15 I/O system for terminating write. Xext and 
last, MPUY stat D if sensed. If s:at D is on, 
it means that no MTU is connected to the 
I/O controller; and the write is stopped. If 
stat D is off, the Lean is repeated until one of 

20 the flags becomes active. 

An important function within the I/O con- 
troller which is previously completely hard- 
ware sequenced is the service routine 
(SERVTN) 135. This routine transfers the 

25 iirst byte of data; thereafter data flow cir- 
cuits 13 sequence the data signals as shown 
in Mover ct* al pa Km, suora. First, scan cycle 
287A * is entered. ADDRO, SVCO, and 
CMDO taes are sensed. If ADDRO is active, 

30 a halt I/O" is in process. Branch according to 
link 3 as set up in the write initialize is 
entered— that is, WC0HIO. If cither SVCO 
or CMDO are active, the scan cycle is 
repeated. If all of the outbound tp»s are inac- 

35 tivc, MPUX sets SVCIX tag in step 2SS. This 
indicates to IXTFX that the I/O controller 
is prepared to receive the first byte of data 
for recording, or transfer the firs: byte of data 
to IXTFX. Immediate! v after setting SVCIX 

40 tag in CTI, scan cvclc 2S9 is entered. The 
three outbound tags — ADDRO, CMDO. and 
SVCO— are again scanned. If ADDRO be- 
comes active, the link 3 entry to the termina- 
tion routine is entered. If CMDO is sensed, 

45 i.e., the I/O opcratinn is to be terminated, the 
stop flag (LSR) is set in step 290^ and link 2 
subroutine is entered f FIGURE 23). This is 
the normal way of terminating a data proces- 
sing operation.' Next. SVCO is sensed: and 

50 if it has not been activated, the I/O controller 
is not to proceed. Rcceipr of a SVCO indicates 
that the I/O controller mav proceed to the 
next step. In a write operation, it indicates a 
byte of data has been supplied to CBO; while 

55 in a sense, it means that the data ha? been 
received bv IXTFX. Upon receipt of a SVCO, 
branch link 1 is used to return to the desired 
routine. Use of tags in a read operation is 
explained in mere detail with respect to 

60 FIGURE 23: 

Referring next to FIGURE 23. error status 
139 is explained. The burst wait entry 
(BSTWAIT) is used during the burst mcde 
of operation' Burst mode means that channel 

65 A or B of IXTFX is dedicated to the trar.sfcr 



of data signals from an addressed MTU and 
a given CPU. Scan cycle 292 is first per- 
formed. First, ADDRO is checked. If 
ADDRO is received, HIOPERG 293 is 
entered. Again, ADDRO indicates the: an 70 
IXTFX is attempting to terminate the con- 
nection. 

The second point in scar, cycle 292 is 
CMDO. If it is active, the burst operation is 
to be terminated. A step flag in LSR is set, 75 
and branch link 2 is entered tcr sunpln-t either 
the write or read cperaron. Xext, the MFUY 
stat D is sensed. If s:a: D is on. the cycle is 
reinitiated at that point. If sia: D is cr.. the 
scan is continued 'MPUY ha? finish: i in SO 
operation and is at wait MPUX). An error 
condition must exist if this latter crogr^m 
sequence was followed. MPUY ALU crrcr> 
are checked as well as other crxeptien: frrm 
MPUY. If either of these are active, s:: sense S5 
status 294 is entered: various LSR flags are 
set in subroutine 295; and TERMSTAT 
entry of termination 150 is entered. This 
means the burst mode is being terminated, 
and MPUY is informing IXTFX of what 90 
happened. 

Scan 292 is exited in a normal fashion at 
296. If MPUY has set a unit check cannot 
perform a function;, then set flag subroutine 
295 is also entered. These flags indicate a unit 95 
check status, i.e., the I/O controller cannot 
perform the desired function. Normally, 
MPUY did not supply a unit check and 
MPUX determines whether or nc: a sense 
command is beine executed. If so, sense 140 1C0 
(FIGURE 24^ is 'entered. If net, i.e., normal 
data proccssine operations are being per- 
formed, a data error is sensed for in step 297. 
If there are no data errors, other error check- 
ing is performed in subroutine 29S. If errors 105 
arc detected, data check or other forms of 
error indications are provided throuch CTI 
to IXTFX. If there are no errors, TERM- 
STAT entry of termination 1*0 is used. If 
there is a data error, sense bits arc set in sub- 110 
routine 299; and the appropriate flags are set 
in subroutine 295 and TERMSTAT termina- 
tion routine is entered. 

Returning now to HIOPERG 293. a 
routine is executed in response to an ADDRO 1 15 
command from IXTFX received during other 
operations. First, MPUX sets the *tcp flag in 
LSR. resets other flags such as all CTI's. chain 
flag, and sets busy condition ;CUB) and holds 
for further operations. It then goes to wait 120 
cvele 300 waiting for ADDRO to become in- 
active. Upon ADDRO becominins inactive 
.'IXTFX ready to proceed;, MPUX returns 
to scan cycle 292 for scanning IXTFX status 
and subsequent branching to the appropriate 125 
routine in termination 130. 

CLEAXGO routine indicate* the status is 
"clean". i.c.. the I/O controller -is free to pro- 
ceed with the operations. Preset subroutine 
301 is firs: performed. This includes dropping 130 
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all status-in tags at CTI and transferring the 
data flow mask to data flow circuit 13. The 
latter function is describ:d later. Then, ir. 
decision sup 302, it is de:crroined whether 

5 or not a writ: command u active. If it is a 
write commend, a wri:c initiate within write 
138 is entered as previously explained. 1/ the 
command relates to track in error -TIE,, the 
write initiate cemmand is entered as ii is time 

10 shared with the TIE function. TIE funetiens 
have been u:ed in hardware sequences before 
and art no: further described. If both decision 
steps result in negative answers, the operation 
is determined to be a read operation. MPUY 

15 is then trapped during step 303 to perform 
Y-read 144. 3STWAIT routine is then 
entered for preparing MPUX for further 
action. 

Additionally, an error statu* 139 is u:ed in 

20 connection with stopping a write in VCT0STI*. 
It is entered through set sense subroutine 299. 
Also, if there is a" data check, set sense sub- 
routine 299 i:» executed in preparation for 
entering termination 130. 

25 In response to a sense command, MPUX 
enters the FIGURE 4 illustrated scnie routine. 
MPUX in step 305 determines that there is 
satisfactorv status ; clean status; for forward- 
ing the status to IXTFX. At 306, MPUX 

30 traps MPUY to its sense routine, described 
later with respect to FIGURE 36. MPUX 
stores branch link members in LSR for use 
later on. MPUY in its sense routine fetches 
two bytes of data for each cycle of operation. 

35 The even-numbered bytes are placed in YA, 
and the odd-numbered bytes are placed in 
Y*B. When the two bytes hsvc been supplied 
to exchange registers 15, MPUY :ets stat C; 
and upon completion of furnishing all the 

40 sense bvic.s ir sets its stat D. Accordingly, 
MPUX at 307 :cnses for MPUY stat C. As 
soon as stat C is sensed, MPUX fetches the 
even-numbered sense byte in YA. It then per- 
forms a routine at 30S for determining whether 

45 or not MPUX should add bits to the sense 
byte from its own status registers. If yes, addi- 
tional bits are supplied at~309. Then, at 310, 
MPUX supplies the sense byte to CBI. At 
311, sense routine branches to service routine 

50 for sensing SYCO as was previously des- 
cribed. 

After sendinc the even-numbered byte to 
CBO, MPUX fetches the odd-numbered byte 
from YB and then sets its stat C informing 

55 MPUY to fetch the next two bytes of sense 
data. MPUX then determines with respect 
to the odd-numbered bytes whether or not 
additional bits should be added: then pro- 
ceeds to SVCRTN at 312. Upon receipt of 

CO SVCO, MPUX :r?r.«fers odd-numbered bvte 
to CBI at 313. MPUX then again series fer 
MPUY fta: D. i.e., whither or not the sense 
operation is complete. While waiting for 
MPUY to *ct stat C at 314 : indicating that 

65 the next two sense byte* arc available in YA 



and YB), MPUX senses for ADDRO from 
IXTFX for determining whether or not the 
sense operation should be aborted. Before 
determining whether or not all sense bytes 
have bccnVansferrcd, MPUX resets its stat 70 
C at 315 and provides a suitable delay. If all 
sense bvtes h2v: been tnntf erred, tt returns 
to TERM STAT. If more bytes are to be 
transferred. MPUX re-er.tcrs step 307. 

Thiic MPUX waits tor MPUY to fetch 75 
sense bvtes MPUY stais C and D are off), 
ADDRO is sensed at 316. If ADDRO is 
active (the I/O connection is being termin- 
ated), then th: link registers in LSR are 
cleared at 317. The stop flags arc se: in LSR SO 
and IDLEP5XD is entered" awaiting further 
IXTFX instructions. ADDRO being "active it 
318 also causes exit of sense to IDLEPEXD. 

In addition to the above-described micro- 
programs, MPUX also performs other fune- 85 
tions. This includes a mode of operation which 
determines PE, NRZI, etc.. modes of oucra- 
tion. Such functions being substantial dupli- 
cates of prior hardware sequences, arc not des- 
cribed. The reset operations and the special 90 
control operations reside in a similar category. 
The control operations arc associated with the 
later-described motion control routine of 
MPUY— that is, space, record, rewind, and 
other medium motion controls. The initiation 95 
cf such motion controls are well understood, 
and the microprogram version thereof used in 
MPUX to initiate such actions are one of 
design choice. 

MPUY* Microprograms 100 
Selected MPUY microprograms are des- 
cribed in some detail for illustratim: the trans- 
fer of signals from INTFY to MPUX via the 
interchange registers. For brevity, net all of 
MPL 7 Y microprograms are described. 105 

As previous! v explained with reject to 
FIGURE 3, MPUY while wakine for MPUX 
may be forced to a static condition, i.e.. the 
MPUY clock is turned off. This is the pre- 
ferred mode of holding MPUY. An alternative 110 
approach is shown in FIGURE 25 wherein at 
ROS address 999 unconditional branch instruc- 
tion (06) is set to return the microprogram to 
addrcs* 999. This enables MPUY to perform 
an endless loop until trapped by MPUX at 115 
ROS 000. At address 000, whether it be held 
as explained with respect to FIGURE 3 or 
FIGURE 25. MPUY fetches signals from 
register XB. These signals are a ROS address 
for MPUY to enter one of the microprograms 120 
now to be described. 

One of the first routines to be performed 
by MPUY concerns initial selection. Initial 
selection 'FIGURE 2c is entered at 
EXECSTS. The hrst step 321 fetches the 125 
MTU address frcm register XA. In step 322, 
MPUY determines whether muliitaggcd inter- 
rupt (MTI; is pending in the addressed MTU 
connected to INTFY. If no interrupt (MTI) 
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is pending, MPUY in step 323 fetches the 
MTU sense by us and transfers same to regis- 
ter YA and YB. I: then sets stat C ir.tcnr.ing 
MPUX that ir.fcnr.aiion is available in regis- 

5 icrs YA and YD. The s:nsc bvtc* ir.icirm 
INTFX as to ti:.- statu: cf the .MTU. If an 
intvrrup: ^AllI i.. p.-n.iirj. MPUY then pro- 
ceeds to check i!:.- *MTU"in IN'Ti'Y pc lii;:g 
as described latCi \.*!th respect to FIGURI: 

10 2S. 

Continuing nr.w with respect to .MTI being 
inactive, MPUY checks the condition of the 
switch (not shown ir. INTFY— thai is, the 
MTU mav be switched between one or more 

15 I/O controllers. If. in step 324, tr.c MTU 
is nor connected to mcthcr controller, MPUY 
determines at 325 whether or not the MTU 
is physically prcseiu. If i: is net. a unit chock 
status is generated a: 531. If it is present, 

20 MPUY at step ?20 determine: whether or not 
it is busy. If it is busy, it determines whether 
or nc: the MTU is executing a motion com- 
mand. If MTU ii executive a motion com- 
mand, MPUY at 327 determines wheiher or 

25 no: a SUPPRO is active : command chaining 
in process). If so. step 321 is re-entered. If 
it has been completed. .MPUY then primes 
for DEVICE END at ?2S. This consists of 
setting a DEPRIMF. bit Li tiie registers des- 

30 cribed with respect to interrupt scan. This is 
a mechanism u^ed by MPUY fcr rcccrding a 
request from INTFX ana fcr getting_J>ack 
to IXTFX as soon us the addressed M i U is 
made a veil able, i.e., has supplied a DEVICE 

35 EXD (DE;. DE indicates the operation a 
devic: is performing has been completed. 
MPUY then cica:? MTU select line cr.d sc:s 
both stats B and D, and awaits further action 
bv MPUX. If there i* no morion command 

40 sensed at 329, the end-up routine (FIGURE 
27) is entered. The end-up routine merely 
provides a short set of operations to enable 
MPUY to wait AiPUX f FIGURE 25'.. 
Returning now to step 326, if the addressed 

45 MTU was not busy, th;n MPUY determines 
at 330 whether or net the MTU is ready. If 
MTU is not ready, it means power may be 
turned ofT, a tape reel may no: be installed 
and the like. If power ir> turned off. unit check 

50 signal is generated at 551. When the addressed 
AiTU is ready, MPUX in rtep 352 sets up to 
the MTU model 'velocity' code in reeistcr 
YA for data flow control. Next, in sup 335. 
MPUY check* whether or no: there is still 

55 a DEPRIME in LSR. If not, stat D is set 
and MPUY waits MPUX. If there is a DE- 
PRIME. MPUY sets both stats B and C and 
enrcrs POLLMTIX of FIGURE 9. 
The Y-tcrmination M? is explained with 

60 raped to FIGURE 27. The * code name 
"EXDUP" is usrd to indicate MPUY is 
entering this routine. The purpose of this 
routine is to make all data available to AIPUX 
and prepare MPUY for waiting for the 

65 ins;ru;tion:. First off, MPUY reset TAPE 



OP starus. This means that MPUY is in effect 
closing down data ticw operation. TAPE OP 
status active indicates that an MTU is con- 
nected to MPUY and ii in an operational 
state, i.e.. transferrins d^^ signals. Next, 70 
MPUY fetches the AiTU sense bytes and 
stercs them in its own LSR. MPUY then 
checks and logs any error conditions that it 
mav have. Stat D is rinaliv set, and MPUY 
wcJts .MPUX. * 75 

Part of the initial seiecti-en process requires 
MPUY to poll or search INTFY. Aiicro- 
pre'gram.- electing this search are shown in 
ri'GURK 2S. The longer program is entered 
at MTI SEARCH, while the shorter prcsra::; 80 
ii entered at CIIECXDEV. CHECK DEV is 
a portion o*' the MxISEARCK. The rirst s;:p 
in MT1SEARCH determines whether the 
MTI -tagged interrupt line> is active cr 
inactive for any" MTU. MPUX has a centre! 85 
line (no; riiown) to INTFY that gates the 
Ijgicai "OR" of al! MTU interrupts to 
MPUY. If it is inactive, stat D is set at 3-1 J 
and MPUY waits MPUX. On the other hand, 
if MTI is active, MPUY sets sut B at 341. 90 
MPUX now activates IXTFY to supplv onlv 
the MTI indication of tlu- addre:«ed AITU 
to MPUY and scans all MTU addresses :n 
s:aucr.cc until the AITU havine AiTI is 
located. During this scan, AiPUX and MPUY 95 
stat registers are used to :ynrhror.*c: the two 
programs. It then waits for MPUX s;at C at 
342. Remember that MPUX stat C indicates 
that MPUY may proceed. MPUY then re- 
sets its own stats D and C and again se;:<e* 100 
whether AITI is active. If it is inactive, MPUY 
sets stat C at 343 and again waits for AIPUX 
stat C. This latter situation indicate: that MTI 
went frcm active to inactive stan:s. On the 
other hjnd. when AITI remains active, stat D 105 
is set ai 344: and MPUY awaits AIPUX 
stat C to be reset at 345. As soon as MPUX 
s.at C is turned oil. .'it having been turned c* 
during wait cycic 342\ A1PUY enters polling 
cvclc 346. As soon as AiPUX sets itt stat C 110 
active again, MPUY enters the CKECKDEV 
subroutine. On the other hand, a: long as 
MPUX stat C remains off, it will sense 
whether or not MTI is active. If it is active, 
MPUY then remains in the polling cycle. If 115 
it becomes inactive, it enters termination step 
340 as will be described with respect to 
CHECK DEV. 

CHECKDEV is entered cither from initial 
selection 14$ of FIGURE 26 or when AIPUX 120 
stat C is turned on during MTISEARCH. In 
the first activity. MPUY fetches sense frcm 
the addressed MTU. Then, in step 34S, 
MPUY determines whether or not the MTU 
is assigned to I/O controller 11. Remember 123 
that various MTU's may be connected through 
various switching devices fnot shown'; re 
several I/O controllers. If the AiTU is not 
assigned to I/O controller 11, termination 
step 340 is entered. This involves clearing the 150 
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MTU tags from LSR, resetting the conncc- 
lion, and setting sut D. Normally, the MTU 
being pol-ed is"as*:rncd 10 I/O controller 11. 
In that instance, MPUY sets sut C at 349 

5 and waits at 3.*r» f^r MPUX stat D to be 
turned on. MPUX retting its sut D en indi- 
cates to MPUX the: ni; activirv rcoulred for 
AiTISEARCII has been ccmrleud! All the 
activitv having b;:r. completed, MPUY resets 

10 MTUa: 35 T::-:! .\"ers termi::aticn r.tep 340 
as previously ie;;: i: jd. 

An impcrta::: miercprogrcrn used in prac- 
tically even* .MTU creraticr. except for sense 
and polling is i>.a me-ticn control prezrem 

15 shown in abbrcvi-ted ferm in FIGURE 2<). 
The entry point coded as TURXARND. 
This program e;!-:::r* ail tape motion of the 
adrcssed MTU. Commands arc exchanged 
between MPUY and dve addrcs?eci MTU dur- 

20 ing the motion control prog ran: for carrying 
out motions required for read, write, diagnos- 
tics, and for positioning tape in preparation 
for any of the latter operations. This program 
is usually not entered by a trap operation from 

25 MPUX, rather, it h entered from other pro- 
grams yet to be described. MPUX. however, 
docs have the capability of trapping MPUY 
to this program. 
The tirst step 355 sets TAPE OP condi- 

30 lion, i.e., the addressed MTU, is going to 
perform i function for .MPUY. This condition 
is set in LSR ef MPUY. The PE bit is also 
set. The MTU is reset such that r.cw com- 
mands from MPUY may be received. All error 

35 conditions are ciearcd from LSR. Then, 
MPUY executes a series cf decision steps at 
356 with regard to the insect ions received 
from MPUX in REG XE as well as sensing 
conditions in MTU. The nrst decision step 

40 determines whether or not MTU is at begin- 
ning of tape (BOT). When it is no; BOT, 
MPUY executes step 357 to determine whether 
or not the addressed MTU is set in NRZI 
mode. The MTU's cf this disclosure can be 

45 only set in either NRZI or PE modes. 

Returning now to decision step 356, if it is 
BOT, MPUY determines whether or not a 
write operation is to be performed. If yes> 
then MPUY fetches a data mask (a control 

50 word for data flow circuits 13} from register 
XA in step 35S and proceeds as will be later 
described. On the other hand, if the instruc- 
tion from MPUX h not write, MPUY deter- 
mines whether or n?r the command is rewind 

55 unload (run). If net. it proceeds further in 
decision step 356 to determine the direction 
of motion whether it should be a read for- 
ward or a read backward. If it is a read back- 
ward, an ciTor condition occurs and unit check 

60 is set a: step 359; and MPUY crters ENDUP 
as previously described. On the ether hand, if 
it is a forward read, the illustrated prepara- 
tory steps arc followed. 

Returning no v. ro the sequence foil owed 

65 when initial condition is not BOT. Assume 



there is NRZI uapabilitv in the addressed 
MTU :step 357:. In step 360. MPUY sets 
NRZI mode indicators in LSR and in data 
fiow ccntrol register XA. Then, at 361, 
MPUY determines whether the Cwrr.--.nded 
notion is in the forward or backward d?r^c- 
tion. If it is in the backward direction. MPUY 
z\ :>f2 sets the addressed MTU it* the bees .vara 
mode, i.e., sets the command MOVE BACK- 
WARD. Upon a .MOVE BACKWARD, a 
forward hitch is performed at ?65. A forward 
hitch described in detail in UK Patent Nc. 
1^42,361. Then, MPUY enters time delay 
36 \ permitting the addressed MTU to 
stabilize tape in columns. After this delay. 
MPUY sets the addressed MTU in the drive 
status at 305. Another delay is introduced for 
permitting the addrosicd MTU to ci::ct the 
command. 

Next, MPUY performs a scries o; check: 
and sends a final move command to the 
a dressed MTU. First, it dere't; whether cr 
not the command is read forward. If it rend 
forward, MPUY activates the read forward 
command line. It then checks command status 
ia MTU. If the command status is no: all 
right, a fia« in LSR "5 is <e: rejecting the 
command based upen MTU error. This in- 
formation is also forwarded to exchange 
renters 15. MPUY then seta stai D ana waits 
MPUX. Normally, the command statuj is OK. 
Then, at 366, MPUY dees riaal checking 
associated with the MTU move-tape operation 
as is well teiown and has b^cr. performed in 
hardware-scqucnccd controller.;. The move 
command is "then set to the addressed MTU. 
Following this, MPUY performs velocity 
check 367. This consists cf counting timing 
pukes between successive tachometer pulses 
supplied to MPUY over line 36 from the 
addressed MTU. The counted timirr. puK-s 
are compared with a predetermined number 
for indicating whether or not velocity is with- 
in predetermined limits. If it is proper. MPUY 
waits MPUX. If there is bad velocity, i.e.. the 
tape is moving too slow, tachemetcr error i> 
set at 36S. The error information is applied 
to registers 15, and stat D ia set during error 
return 369. MPUY then waits MPUX" 

Returning now to decision step 356, when 
the read backward decision indicated a for- 
ward direction of motion, the forward /back- 
ward starus of MTU was sensed at 370. If 
it already was in the forward direction, step 
365 is entered. On the other hand, if the 
command is a forward move and the addressed 
MTU is in backward mode, the MTU is set 
to the forward condition and time delay 364 
is entered. 

If the operation is be a write operation, 
i.e., TURNARND ir entered from Y-write 
routine shown in FIGURE 30.. a dJta mask :a 
ccntrol word 1 * for use by dara flow circuits 13 
h fetched b\ MPUY hstcp 35$. In step 371. 
MPUY sense: whether or not the write opera- 
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tion. is PE or XRZI. If XRZI, step 360 is. 
performed, and the icqucr.ee described above 
is followed: If the write is PE and PE was 
previously set s;ep 355, the program 

5 branches directly 10 s::p 361. 

The Y- write pros rani. 145 )••• described with 
respect it FIGURES 50. TO. and 3-. After 
MPUX trap, AiPUY to WRTOP. MPUY 
first sets the write flj* at 3 "5 in LSI* 75. 

10 Then. TURXARXD motion control program 
of FIGURE 29 is entered. Upon the comple- 
tion of TUMXARXD. the branch setup irr-z 
shown) in step 3*5, which set up ihe write 
condition, branches back to step 376 of Y- 

15 write 1-45. In ihii step. MPUY ecv.itts tacho- 
meter pulses fcr ruetering a giver, amount of 
tape to form an IliG. After "a predetermined 
amcun: of tnpe has been transported, decision 
step 377 is entered. If it is a XRZI write, 

20 XRZI write routine 37$ is performed as shown 
in FIGURE 31. I; ?2 is" to be written, :hc 
write PE routine shown in FIGURE 32 is 
performed. Upon ccn:p!et:en of either write 
routine, EXDUP in Y -termination 147 

25 (FIGURE 27> is entered. 

XRZI write 375 FIGURE 31; supervises 
operation of data flow circuits 13 during the 
write mode of operation for recording data 
received from IXTFX b XRZI recording 

30 scheme. All of the discussion rvith respect to 
XRZI is directed toward recording in the pre- 
sent known XRZ recording formats. MPUY 
determines whether or no: the operation com- 
menced at load point in step 3 SO. If so, it 

35 then sets up a special erase gap operation. 
XRZI mode is set ir. the selected MTU, and 
data flow operations arc set in data flow cir- 
cuits 13. Xext-, if an erase gap is u be per- 
formed, an erase subroutine ('not shown) is 

40 entered. This subrcutine merely requires the 
addressed MTU to supply an erase current to 
its transducer for a predetermined length of 
t2pe. Upon completion of fna: operation, 
EXDUP routine of FIGURE 25 is entered. 

45 If it is not an erase operation, MPUY deter- 
mines whether or not a tape mark is needed. 
If a tape mark is needed in XRZI format, 
write tape mar!: 3S1 is performed. Again, the 
subroutine is relatively simple and merely uses 

50 data patterns placed in TUBO to record the 
standard XRZI tape mark. After the tape 
mark operation, the read-after-write portion 
of the write data subroutine 3S2 is entered for 
checking the tape mark. 

55 Generally speaking, data flow circuits 13 
perform all of the write sienal generation and 
coordination with the addressed MTU. The 
addressed MTU must accept data over 
IXTFY as the data flow circuits 13 supply it. 

60 Dunns this period of time, coordination with 
IXTFX is performed by MPUX by hardware 
sequences, a: described in Mover et ai. supra. 

Many digital m:?r.et;c tape subsystems have 
two gaps for each track on the tape. The up- 

65 stream gap in a write operation is called the 



writ: gap, which records data signals on the 
tape. The downstream gap is the read gap. As 
data is recorded on ;h: tape, the recorded d:ta 



signals eventually pass the read gap. 
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I/O controllers verify recording operation* by 70 
what is termed M rcid-aftcr-v:nte v operations. 
It ii intended that the presently described I/O 
controller be urcd in this mode, no limitation 
thereto intended. Data flow circuits 13 may 
include hardware sequences for performing 75 
thi: read-after-write function as is well known 
in the industry. Alternatively, microprograms 
in MPUY can perform supervisory func- 
tions—that :s, when data How circuits 15 detect 
a lac!; nf readback envelope when a rcadbaek 80 
envelope should have appeared in the read 
«ap, then a DOC can be performed bv 
AIPUY. Such JiOC will indicate to MPUX 
that there is a write error, MPUX then 
branches to error logging operations and in- 85 
forms IXTFX of the write error. Xormally. 
there is no write error; the MPUY micro- 
program proceeds to subroutine 3S? which 
continues the reading operation even after sig- 
nals arc no longer being recorded. The signal 90 
delay between the writc'and read gaps requires 
a supplementary read operation. Upon com- 
pletion cf the read and detection of the end 
o: record, the EXDU? routine in FIGURE 
25 is entered. 95 

The philosophy cf control fcr recording in 
the ?!■ mode follows generally that of the 
XRZI mode. Hcv.cvcr. because of many addi- 
tional format requirements known of PE 
rerord : ng, the write PE program shown in J00 
FIGUP.rt 32 is necessarily more ec.v.plc:: than 
the XRZI write program. Entry into the pro- 
gram is at BOT decision step 3 $5. If it is 
ROT, a PE format is recorded. After ROT 
operations, the PE prea:nble is written in step 105 
3SG. The program loop in dash bc.\ 3?7 is 
pcrrormed during the buret modr of record- 
ing dats in the PE mode. A write data com- 
mand at 33$ makes the data flow circuit? 
supply write data. In decision step 339, 110 
MPUY cheeks whether or not preamble 
recorded in step 3S6 should be arriving at the 
downstream read gap as mentioned in the 
XRZI mode. If the preamble has not yet 
reached the. read gap. beginning of record 115 
decision Jtep 390 is performed. 

BOR flag in LSR 75 of MPUY is set upon 
the detection of data during the read-after- 
write operation. This should occur within a 
predetermined time after the pieamblc starts 120 
to write. If BOR is not detected bv the read 
gap, which occurs at the beginning of the 
write operation, velocity check 391 is per- 
formed. This is performed in the same man- 
ner ai described for XRZI. Generally, the 125 
velocity check will be OK. and loop 3S" is re- 
entered. However, if the velocity check is bad, 
the write condition is reset and end of data 
is set requiring data flow circuits 13 to stop 
recording. Loop 3S7 is then entered for reach- 130 
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ing write reset decision step 392 as will be 
later described. 

If, in step 3Sy, the preamble should have 
reached or has reached the read gap in the 

5 rcad-after-write operation, the preamble is 
checked in step 3?3. This consist o; ccur.ting 
the number cf sign::!* r:corded therein. Gener- 
ally, the PE priimMe contains forty 7 i rocs. 
The preamble may be acceptable if thirty- rive 

10 zeroes are detected. It may be assumed that 
during the initial ^synchronization portion of 
the preamble the recorded signal: may not 
be successfully recovered. Upon completion of 
the checking of the preamble, the record must 

15 be continuous since writing is still in process; 
therefore, the program gees directly to check 
BOR routine 394. This subroutine checits to 
sec that the data signals from Ac addressed 
MTU over INTFY are still active. This 

20* branch condition remains active as long as 
signals are being detected by the read gaps. 
In step 392, MPUY determines whether or 
not the write condition is reset. During normal 
operations, the write condition will be reset 

25 at ihe end of the record as determined by 
INTFX of in the alternative of a detection of 
a velocity error. When write is reset, loop 387 
is exited for terminating the write PE pro- 
gram. Initially, there is a delay provided at 

30 395 to alio-" some of the taoe to pass by the 
read head. In step 396, MPUY senses whether 
or not the read gap is still sensing the record. 
If not, there is a wri;e error; and the_ status 
of the write ener is se: in step 397. Follow- 

35 ing this, ENDUP routine is entered. Normally, 
the read gap would still be sensing the record. 
The program then senses for end of data -sig- 
nal generated by data fiow circuits 13) in step 
39S. If it is end of data, the data flow circuits 

40 13 arc reset at 400; and the postanibie is 
checked for proper length of recording. Then 
a scries of decision 5tcpr, ct 401 arc performed. 
These check MTU read, write time, IDG, 
write tape mark op (VCTM OP), and the iike. 

45 From these decision steps, rcadback checks 
402 are performed. Based upon the analysis 
of the decision steps 4'Jl and rcadback checks 
402, cither the write error 397 step is entered 
or ENDUP routine cf FIGURE 27. Normally, 

50 ENDUP routine cf FIGURE 27 is directly 
entered. If the DOR is off but was on pre- 
viously as detected in step 403, series of deci- 
sion steps 404 arc performed. These determine 
whether or not too many write times have 

55 occurred, I3G was being written, or a tape 
mark was being written (write times arc used 
as a time/distance measurement;. As shown 
in FIGURE ?2. the program moves to cither 
an error condition or back to decision steps 

60 401 in accordance with the various operating 
statuses. 

The Y-read program is shown in FIGURE 
?3. This is entered on a read operation, sreec, 
or space-file command operation. In the latter 
65 two, the read circuits are operated with a 



threshold 10".. maximum. The threshold is 
forced on the data flow bv MPUY as ex- 
plained with respcer to FIGURE 2. In the 
r^ad program, MPUY tirst cheeks the direc- 
tion of mot; or: in step 410, Depending on the 
direction desired, the addressed MTL" i> set 
in eiuier the fcrvard or eackwerd mode. Then, 
the mo:: en crr.trei prc^rcr.i at TURNARND 
is entered a: 411. The branch conditio set up 
in step 410 causes the TURNARND program 
to branch 'ce/. to tne Y-read program of 
FIGURE 33. Then, MPUY in step 412 
determines whether or not BOT is en- 
countered. It it is. MPUY checks the tacho- 
meter velocity and meters upc in step 4!?. 
It then proceeds to decision step 414 for 
determining whether NRZI or PE recording 
scheme was used on the tape being read. If 
it is NRZI. MPUY determines whether or not 
the NRZI feature was included in the 
addressed MTU. If the NRZI upc is leaded 
on a MTU not having the NRZI feature, it 
is not capable; and an crrcr condition exists. 
This is logged in r-tep 415 and ENDUP 
routine of FIGURE 27 is entered. If it is 
NRZI and caoable of being performed, 
TURNARND 411 is again entered for mov- 
ing the tape to the rirsr record block. If PE 
was recorded on the tape, the PE read routine 
416 is directly entered. 

On the other hand, if the read operation is 
in the middle of the tape, BOT is "no" with 
decision step 417 being entered. If it is a 
NRZI tape, NRZI read routine shown in 
FIGURE 34 is entered. If it is PE, PE read 
routine 41 0 is entered. Upon completion of 
either of th* read routines, terminate read 
routine 419 is performed. This includes error 
checking which may ceuse entry of a diagnos- 
tic routine :not described in detail). Normal 
exitine of terminate read routine 419 is to 
ENDUP routine of FIGURE 27. Also, dur- 
ing terminate read 419, a creased tape may 
be detected— that is, a tape being read may 
have a crease in it causing no rcadback signals 
fcr a short period of time. This period of 
rime is normally much less than an IBG. 
Known detection schemes for detecting creased 
tape are used. A creased tape routine 4iS is 
entered if the tape is stopped because of the 
crease, and ENDUP routine of FIGURE 27 
is entered. Otherwise. PE read routine 416 is 
entered as wiil become apparent. 

The NRZI read routine of FIGURE 34 is 
entered from decision block 417 of FIGURE 
33. The first step in the routine is 420 in 
which MPUY sets the read mode in MPUY 
and data flow circuits 13. It also sets detec- 
tion thresholds. Initially, before the record is 
encountered, the threshold is set high, and 
after the record is encountered, it is lowered. 
This function can be performed by hardware 
sequences in data flew circuits 13, as was per- 
formed in previous controllers. NRZI chta 
transfer loop 421 permits MPUY to idle 
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Through a pair cf decision steps, while data 
flow circuits 1? process data from the addres- 
sed MTU directly to INTFX. SVRTN 
routine of MPUX again provides coord ir.a- 

5 tion between INTFX and the I/O controller. 
Within XRZI daa transfer loop 421, end cf 
data is contir.ua !lv sensed. If there is end of 
data, MPUY Ova de:eimi:»v5 whether or not 
a tape man: :>. rciv.e; l g : u*pe mark is 

10 being read, r;ac routine ir terminated. If 
a tape mark is nor ivir.g re.::*. MPUY deter- 
mines whcincr cr not 2 nit operation is being 
performed. Jf rrrt. trmirare rcsi subroutine 
419 is entered. I; tht hie operation is being 

15 performed, tape operation condition is reset 
momentarily; and XRZI daw transfer 421 is 
re-entered. This p^rr-ats resetting the end data 
flag to allow the nex. data block :o be scanned 
for the presence of a rape mark. 

20 During the data transfer, the addressed . 
MTU may become incapabic oi performing 
the read operation. In such a situation, it pro- 
vides an interrupt through 1NTFY 10 MPUY. 
An interrupt from the addressed MTU is a 

25 BOC for MPUY. If there is no interrupt, 
MPUY idles through the two decision steps 
until end of deta occurs. Upon detection of 
an interrupt indicating that the MTU cannot 
continue the rcid operation, unit check is set 

30 at 422; and terminate md operation 419 is 
entered. This will be explained in some detail 
with respect to read PE se: forth in FIGURE 
35. 

The read PE routine starts with setup PE 

35 read in the MIX' at 425. The preamble of 
the PE record mentioned above with respect 
to write PE is read by the read preamble 
sequence of steps in dash box 426. This in- 
cludes detection of beginning or' record, trac- 

40 ing the BOR. detecting whether or not read 
operation has been set up. and doing a tape 
velocity check may be perform :d using tacho- 
meter puhes. Finally, data ready is detected 
in step 427. This corresponds 10 detection of 

45 the mark or signal marking the boundary 
between the preamble and the record. If the 
beginning of record or read op arc turned 
off, special conditions are checked in step 42S. 
These include detection of an MTU intcr- 

50 rupt, detection of a tape mark, IBG, unit 
exceptions, and the like. Such operations have 
been performed in previous I/O controllers 
and arc not discussed further for this reason. 
If none of the special conditions are detected, 

55 read preamble 426 is re-entered. If a special 
condition is detected, terminate read 419 is 
entered on FIGURE 33. 

Transfer of actual data signals from tht 
addressed MTU to INTFX. occurs during PE 

60 data transfer 430. This include* monitoring 
for IBG and .MTU interrupt. If an IPG or 
MTU interrupt occurs during transfer of data, 
errors are set at 431 and terminate read is 
entered. Upon detection of end of data, the 

65 PE da:? transfer routine is rcrn;ina::d; and 



post-amble checking is performed. The end- 
of-data signal is supplied from data flow cir- 
cuits 1? to MPUY as a BOC. Thir, is one of 
the statu? lines shown in FIGURE 2. 

In postambic checking. MPUY checks 70 
whether or not the posiambic is too long, too 
short, or appears as an IBG. As long as data 
ready is sensed at 431, the postamhltfcheekir.g 
continues. As sre-n as an IBG or MTU inter- 
rupt ii scn>ed. terminate read is entered. If 75 

postamble is too long or too shcrr, an end 
data check is flagged and* forwarded to .MPUX 
at 432. 

Terminal: read routine is a microprogram 
version of a previously used hardware 80 
sequence. It is not shown in the drawing in 
detail for that reason. The functions performed 
include drop the move signal to the addressed 
MTU and continue to monitor the read bus 
until MTU is stopped. This is a velocity checit 85 
performed by couiuing tachometer pulses. If 
a read data signal is received from INTFX 
via MPUX, the move tag to the addressed 
MTU is again raised; and the read operation 
is re-entered as shown by line 433 of FIGURE 90 
33. In thi ianer situation there is a possibility 
of a creased tape. Raising or activating tht 
nove tag enables the system tag to read data 
signals after traversing a tape crease. 

'Response of I/O controller 11 to a sense 95 
command by MPUX was described in derail 
with respect to FIGURE 24. In that routine, 
MPUX trapped MPUY to the MPUYs sense 
program shown in FIGURE 30. Upon being 
trapped. MPUY fc;:hes two sense bviei from 100 
the MTU. Then, at 435, MPUY indexes to 
the next two MTU tense bytes by changing 
the contents of the TUEO. MPUY then trans- 
fers both bytes of data to YA and YB respec- 
tively and sets stat C as set forth in 436. A 105 
decision cycle is then entered at 43?. First, 
MPUY senses whether or not the stop flag 
from MPUX is on. This is one of the stat bits 
in rccistcr S9 of FIGURE 3. If the stop flag 
is om MPUY merely waits MPUX. If it is no: 1 10 
on, it senses for MPUX stat C. It mav be re- 
called from the description of FIGURE 24 
that when MPUX has transferred both sense 
bvtcs from rccistcrs YA and YB to INTFX, it 
sets stat C MPUY must wait until MPUX 115 
has stat C. Then it goes tn a set of decision 
steps 43S. Acjin, the stop Hag is sensed and 
MPUY waits" for MPUX stat C. It should be 
on, and then proceeds to clear the LSR sense 
byte memory locations at 439. Finally, in 120 
decision step 440, MPUY checks whether or 
not all the sense bytes have been forwarded to 
MPUX. If not, the sense rouu'ne is re-entered 
for fetching two additional sense bytes. If the 
sense operation is completed, it goes to wait 125 
MPUX. 

Microprogram Control of Data Flow 
Circuits 13 

Referring now more particularly to 
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FIGURE 37, I/O controller 11 is shown in 
simplified form accruing the relationship 
between MPUX, MPUY, ar-d data dow cir- 
cuits 13. MPUX generally controls the lef:- 

5 hand portion of data flew circuits 13 in an 
in limbic manner and provides supervisory 
centre! functions v.rj-, roir.'c: to the rishr- 
haud pcrJo:;. MPUY p;v\ides detailed con- 
trol over the NRZI detect c.reuit 102, PE 

10 detect circuit 103, and cer.trcl 104. It also 
supplier data-rate con'rol «:c:ials to write tim- 
ing and control circuit ill. 

Firstly, the rc;ai.'\i«hir» between MPUX 
and data flow circuits 13 L descried. Stat 1 

15 from MPUX star- rearer S9 .FIGURE V, 
selectively enable A\*D circuits 444. AND 
circuits 444 then parj ignzh from XA Teuiiier 
14 to data flow status :ir:ui*s 4: ;a set of 
gates\ Data flow s are:- 445 a'-so receives 

20 hardware signals ;noi :-h*nvn;. from data flow 
circuits 13 showing operational status, i.e., 
data chfph, write £l;:c*. and the like. Out- 
put signals from data nVv statu* 445 are sup- 
plied through OR circuit., 440 to CBI cabic 

25 30. 

XA register also supplies its signals to log;c 
circuits *i47 which decode the signals for 
generating special control signals 5 applied 
over line 44$. These special control signal* arc 
30 used in connection with diagnostic procedures 
which arc not further described. In connec- 
tion therewith, the stat 0 bit from MPUY 



register S9 is supplied over line 449 to bete 
circuits 447. These are combined to iointly 
control operation of write liming and control 35 
circuit 111 as well as control circuit 104. 
Special centre! signiis c:m be used to abort 
parity checking during data transfer opera- 
tions provide " connections in loop wr:ie-to- 
read diagnostics, i.e., dau received from 40 
iXTFX I' not acridly recorded cn :nc tape, 
record tr.pc r.tark . ar.J perfcrmi selected hard- 
ware chcciii under diagnostic cr.mrr:. AN'D 
circuit.; 450 arc lointiv responsive to signals 
in XA renter 14 and MPUY stat 0 being 45 
active to -urr>iv a write ir.iuav.- signal to con- 
trol c:rc:::s* 111. Circuits 111 respond to the 
write command frr initiating Signci ger.cra- 
tior. and suprlvinc signals ever cable 33 to 
the addressed MTU. * la a similar manner, 50 
bsic circuit* 451 are j«imlv responsive to sit- 
riis from XA register 14 and Met 0 of MPUY 
to supplv a read command signal over li:v 
452 to control circuit 10'. For evsrnte. 
register XA mey be «;n S-Wt register; a .id hi: 55 
4 "being active simuLancour'** wkh MPUY 
stat 0 being active indicates initiate real Con- 
trol circuits 104 respond to the read ccmnnrvi 
sicr.al on iir:2 452 in the sar/.e manner that 
previous hardware-sequence controllers res- 60 
ponded to an initiate read cammand rushed 
over the data channel. 

The data flow centre! within circuits 13 are 
set forth below in Table II: 



65 



70 



75 



80 



65 



90 



TABLE II 
Data Flow Circuits Command Structure 



Command 
Transfer XA to TIE 
Special Diagnostic Command* 
Write 
Read 

Transfer Sense Byte A to CBI 
Tranrfer S:n<e Bv;c B to CBI 
XRZI Las: Mode Set 
Select PE Mode 
Select Forward 
bower Threshold 
FORCE (enable detection) 
Data Rate 



Stat 
Stat 



Active Bits 
MPUX Sre: 4 

XA-G, MPUY Stat 0 

XA-1, MPUY 

XA-4, MPUY 

XA-6, MPUX Stat 

XA-7, MPUX Stat 

XA-7 

YA-0 

YA-1 

YA-2 

YA-4 

Decode YA-5, 7 



In the above table, the active bits indicate 
that when a binary "1" is Morcd in a particu- 
lar bit that the command function on the left 
side of the Table is performed. For example, 
Ujc convent.- e: register XA arc transferred to 
TIE register within data flow circuits when- 
ever MPUX Stat 4 is active. TIE register is 
used by the error detection and correction cir- 
cuit to correct bin in accordance with the 
indicated track in error. Special diagnostic 
co-r.rr.an J > are transferred unci: the XA bit 
0 register {XA-0*. is active and MPUY stat 
0 is active. Similarly, as previous! v c:;p!a:ned, 
write ar.d reed command are initiated. I: is 
to be understood that controls 111 and 104, 



upon receipt of a write » r reeid -omrr.jnd, may 
perform additional logic decision^ before actual 
reading or writing is"cfiecicd. Such additional 
logic derisions arc those used in prior I/O 
controllers. Each data tiow circuit 13 may 
generate two sense bytes A and B which indi- 
cate various status for the data flrw circuits. 
For example, sense byte A may represent PE 
statu* whereas sense byte B may represent 
XR2I status. The bits from the YA register 
arc no; gated to data flow circuits, hit arc 
tre." fcrred directly to effect control. For 
c*-:".pie, select PE mode is generated within 
d. Y.ow circuits 13 whenever YA register 
r :i activr. If bit 0 is not active, die NRZI 
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mode is selected. Similarly, forward mode of 
operation is selected if YA-1 is active and the 
backward mode whenever YA-1 is inactive. 
Data rate for transferring data from the 

5 addressed MTU is decoded by the three YA 
bits 5, 6 and 7. For example, various MTU's 
may be attached to JNTFY. These may trans- 
port tape 2: diilcrc;;: velocities, tor example, 
75 ips, 125 :n> : 200 :n» ; and the like. This 

10 information h cron-ned ;r. tlvj three bits pro- 
viding far maximum o; ugh- diilcrent MTU 
speeds. 

The implementation of Table II from 
register YA to cor.trci circuits I'OA is shown 
15 in abbreviated fcrm in Figure 37. 

WHAT WE CLAIM !S: — 
1. Data proceiiiitg apparaw comprising a 
data channel ccntrul:r including lint and 
second in:erfa:e portion?, i*ach portion being 

20 adapted for diiicrcn: . icnal format?, data Sow 
circuits electrically interposed between said 
portions and cparaiiv? t..- alter imurmation- 
bearing signals in ac:crdanct with said signal 
formats whereby sig-.ais may be c:;chsngcd 

25 between said portions, and a plurality of 
microprogrammed units each having a 
memory, an input and an output portion, first 
and second of said microprogrammed units 
being respectively cperarivch* associated with 

30 said nrs: and secrnd interface portions and 
being programmed to exchange control and 
data signals therewith, rirst and second sets 
of exchange refiners respectively connected 
to said first and second microprogrammed 

35 units and adapted to receive zet-jh signals 
\ herefrom and Mjpply said result signals to 
said data flow circuits to control same' to alter 
said informition-bc.iring signal?; and rtrst and 
second gating- mean* respectively controlled by 

40 said first and second microprogrammed units 
to gate said result signils from said second 
and first exchange register* respectively into 



said first and second microprogrammed units. 

2. Data processing appararus as claimed in 
claim 1, in which said first microprogrammed 45 
unit is operative to sample one of said ex- 
change registers of said second micropro- 
grammed unit while said one exchange 
register is supplying signals to said data Mow 
circuits for monitoring operation thereof 50 
whereby said first microprogrammed unit 
exercises simultaneous supervisory control over 
$a;d second microprogrammed unit and said 
data fiow circur.s to effect programming co- 
ordination between *aid rirst" and second 55 
microprogrammed units. 

3. Data processing apparatus as claimed in 
1 or 2 including a third microprogrammed 
unit in said data flow circuits being jointly 
responsive to said first and second mizropro- 60 
grammed units to perform signal-processing 
operations in accordance with signals received 
from said first and second sets of exchange 
registers. 

4. Data processing apparatus as claimed m 65 
any one of claims 1, 2 or 3. in which a plur- 
ality of record -media transporting devices arc 
connected to said second interface portion and 

arc responsive to address signals for initiating 
an active condition, and said first micropro- 70 
grammed unit has an address register con- 
nected to ail of said record-media devices for 
addressing the devices, and all other connec- 
tions between said controller and said record- 
media devices arc made through said second 75 
microprogrammed unit and said dau fiow 
means. 

5. Data processing appararus substantially 
as herrinbefore described with reference to the 
accompanying drawings. 

JOHN E APPLETOX, 
Chartered Patent Agent, 
Agent for the Applicants. 
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